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Tmncated Tau Proteins 

The invention relates to N- and C- terminally truncated diseased 
forms of tau proteins discovered specifically in Alzheimer's 
disease and related disorders. 

The invention further relates to methods for screening and test- 
ing potential drugs effective in inhibiting, neutralising and 
eliminating N- and C-terminally double truncated tau proteins or 
preventing the formation of thereof and to procedures for 
screening and testing potential drugs of which the mode of ac- 
tion is based on neutralising the modification of microtubule 
assembly and/or dynamics caused by said double truncated dis- 
eased forms of tau proteins. 

Alzheimer's disease is the most common cause of dementia. In 
less than 5% of the cases Alzheimer's disease cosegregates al- 
most conrpletely with one or more specific mutations in the amyl- 
oid precursor protein, presenilin - 1 or presenilin-2 genes (1) 
and in over 95% of the cases, the exact disease cause is not 
clear. 



Independent of etiology, Alzheimer's disease is characterized 
histopathologically by the presence of nxamerous neurons with 
neurofibrillary tangles of paired helical filaments (PHF) and 
extracellular deposits of amyloid & as the major component of 
senile plaques in the brain. Although the exact nature of a dir- 
ect relationship, if any, between these two hallmark lesions of 
Alzheimer's disease is presently not understood, the presence of 
neurofibrillary degeneration appears to be required for the 
clinical expression of the disease, i.e. dementia (2,3,4). Neur- 
ofibrillary degeneration is represented by neurofibrillary 
tangles, dystrophic neurites and neuropil threads. The major 
protein sxibiinit of these structures is microtiabule associated 
protein tau (5,6). 



In healthy human brain tau appears in six protein isoforms gen- 
erated by alternative mRNA splicing of a transcript derived from 
a single gene locus, tau proteins differ whether they contain 
three (t3L, tSS, or t3) or four (t4L, t4S, or t4) tubulin bind- 
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ing domains (repeats, R) of 31 .or 32 amino acids near the c-ter- 
minal and two (t3L, t4L) , one (t3s, t4S) , or no (t3, t 4) in- 
serts of 29 amino acids, each in the N-terminal part of the mo- 
lecule (7,8). Under physiological conditions tau protein is in- 
volved in assembly, spatial organisation, stabilisation and be- 
haviour of microtiibules . Under physiological conditions the pro- 
tein appears in six isoforms in healthy human brains. However in 
AD, tau protein is known to undergo a number of different post- 
translational modifications (hyperphosphorylation, iibiquitina- 
tion, glycosylation) . The recent discovery of cosegregation of 
specific mutations in the tau gene with the disease frontotem- 
poral dementia with Parkinsonism linked to chromosome 17 (FTDP- 
17) has confirmed that certain abnormalities in the tau protein 
can be a primary cause of neur ©degeneration and dementia in af- 
fected individuals (9,10). The molecular events leading to tau 
modification and paired helical filament (PHF) formation in 
Alzheimer's disease are unknown. This explains the observation 
of a broad spectrum of pathophysiological events such as patho- 
logical redistribution of tau protein, failure of axonal trans- 
port or a failure to maintain axonal microtubule function 
(11,12,13). To date the significance of PHF fibril formation in 
Alzheimer's disease is questioned in the light of the recent 
discovery that any protein can form fibrils in vitro (14) . 

Many authors believe that formation of paired helical fibrils in 
Alzheimer's disease represents a primary event in netirof ibril- 
lary pathology which is based on abnormal phosphorylation. PHF 
assembled tau protein reacts with certain antibodies in a phos- 
phorylation dependent manner, suggesting a special phosphoryla- 
tion status (15,16) . Furthermore it has been observed that PHF 
derived tau protein shows a reduced electrophoretic mobility in 
SDS gels which may be related to its phosphorylation pattern 
(Steiner et al., EMBO J. 9 (1990), 3539-3544). Similarly it has 
been suggested that due to phosphorylation, PHF derived tau has 
lower affinity for microtubules compared to nomal tau protein, 
since a similar effect was found when normal tau was phos- 
phorylated in vitro by certain kinases (17,18). tau is one of 
the most soluble proteins known (19,20,21) and therefor its ag- 
gregation in Alzheimer's disease is particularly enigmatic. On 
the other side the mechanisms by which tau protein is modified 
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in a manner which leads to filament formation in Alzheimer's 
disease are unknown. Phosphorylation of tau affects the. poten- 
tial of tau to foxin aggregates , producing either stimulatory or 
inhibitory effects on microtubule polymerisation, presumably de- 
pending on the site of phosphorylation (22-27) . Many in vitro 
studies demonstrate that in the presence of the reducing agent 
dithiothreitol (DTT) , unsaturated free fatty acids, RNA or glyc- 
osaminoglycans , normal tau can be transformed into filaments 
(28-31,38), Furthermore, the process of filament formation can 
also be accelerated by the presence of cross-linked tau gener- 
ated through oxidation at Cys322 (32) • The parameters that var- 
ied in different filament assembly studies including tau protein 
concentration, pH and ionic strength were manifold higher than 
in the cytoplasm under physiological conditions. Examination of 
in vitro formed tau filaments by scanning transmission electron 
microscopy (STEM) showed, that these filaments differ from nat- 
ive paired helical filaments (33) . In the absence of glycans or 
KNA, no PHF-like filaments are detectable in samples containing 
unphosphorylated or phosphorylated wild type tau. Moreover it 
has been suggested that phosphorylation could play a protective 
role in Alzheimer's disease (34). Similar suggestions for modi- 
fication of tau leading to assembly of PHF with resulting micro- 
tubule disassembly and interference with vital neuronal pro- 
cesses, such as axonal transport, were made for libiquitination 
and glycosylation (30,35,36,37). However none of above mentioned 
post-translational modifications alone could provide molecular 
e^qplanation for the initiation of tau changes leading to its 
malfunction that correlate with clinical expression in 
Alzheimer's disease. 

Therefore it remains unclear which of above mentioned modifica- 
tions of tau are involved in the pathogenesis of Alzheimer's 
disease. 

To date no reliable data on the mode or regulation of post- 
translational events leading to the formation of early tau pro- 
tein complexes are available. For the prevention of the forma- 
tion of such coinplexes and for neutralisation of any associated 
pathogenic effects thereof, the precise molecular nature of dis- 
eased tau and the regulatory mechanism transforming normal tau 
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to its N- and C-terminally double trxincated forms need to be 
clarified. This detailed knowledge would allow to construct 
tools for Alzheimer therapeutics and diagnostics. 

Zelraan et al. ( J. P.Neurochem. 72(2) (1999)-, 741-750) suggest 
that the cleavage product of microtubule binding protein tau oc- 
curs in cer^rospinal fluid of persons with traumatic brain in- 
jury and reflects damage of neurons. A connection with 
Alzheimer's disease, however, is not made in this report. 

Novak (Acta Virologica 38 (1994), 173-189) reports in this re- 
view article concerning 'Tauons" the minimal protease resistant 
iHiit of PHFs (^paired helical filaments") produced artificially 
with broad spectr\am protease "Pronase" . 

Kontsekova et al. (J. Immunol. Me th. 185 (1995), 245-248) disclose 
a quick purification method of recombinant human trxincated tau 
proteins for iramunoanalysis in which heat resistancy of human 
tau protein is used. Neither structixral nor biological proper- 
ties or fionctions of recombinant tau analoga used therein have 
been described. 

in Novak et al. (EMBO J. 12(1) (1993), 365-370) paired helical 
filaments (PHF core) have been prepared in vitro artificially, 
wherein a minimal protease resistant tau unit was recovered by 
in vitro digestion with the protease pronase. Monoclonal anti- 
body MN423 was used to detect the minimal protease resistant tau 
unit. The tau polypeptides described in this article, however, 
do not have biological stanictural pathological properties common 
with *real world" tau proteins, especially tau proteins being 
connected with Alzheimer's disease. 

Fasulo et al. (Alzheimer's Research 2(5) (1996), 195-200) report 
that over- express ion of reconODinant analogue of PHF core tau is 
not sufficient to induce tau aggregation and assembly thereof in 
paired helical filaments. These data are in contrast to a pub- 
lication of Abraha et al. (J. Cell. Science (113) (21) (2000), 
3737-3745) obviously due to the unusual non-physiological assay 
system described in this publication (cell lines from monkey 
kidneys) . 
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Fasulo et al (J. Neurochem. 75 (2000), 624-633) describe tau 
fragments which induce apoptosis* However, none of the 
Alzheimer's disease related tau proteins described in the 
present invention can induce apoptosis. 

Esposito et al. (J. Peptide Science 6 (2000), 550-559) describe 
the C terminal 19 amino acids of tau protein and normal healthy 
tau protein. The articles of Novak et al. (Chem. Papers 52 
(1998), 429-430) and Ugolini et al. (NeuroReport 8 (1997) 3709- 
3712) also relates to the C terminal truncated tau protein also 
with respect to apoptosis. More recent publications show that 
Alzheimer's disease is not related to apoptosis processes. 

In Abraha et al. (J. Cell Science 113 (21) (2000), 3737-3745) in 
vitro experiments are described in order to show the contribu- 
tion of single domains of tau protein for formation of fila- 
ments. Therefore a set of recombinant tau molecules have been 
assembled which have been produced in vitro. Neither biological 
nor pathological activities of these proteins in bacteria have 
been generated or determined. Moreover, no data with respect to. 
tau proteins derived from brains from Alzheimer's disease pa- 
tients have been described in this article. 

In Jicha et al . (J. Neuroscience Research 55 (1999), 713-723) a 
molecular analysis of the epitope of the monoclonal antibodies 
Alz50 and MC-1 is described. Both antibodies depend on a func- 
tional N-terminus of tau molecule, especially amino acid posi- 
tions 7-9. Tau truncations are not mentioned in this document. 

Brandt et al. (J.Biol .Chem. 268 (1993), 3414-3419) have analysed 
different domains of normal healthy human tau proteins. For 
this, recombinant tau fragments have been produced in bacteria. 
Alzheimer related truncated tau fragments, however, are not de- 
scribed in this document. 

Philippe et al . (J. Neuroscience Research 46 (1996), 709-719) 
disclose monoclonal anti amyloid precursor protein antibodies. 
The authors describe the generation of a tau reactive antibody, 
although this antibody originally was raised against amyloid 
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precursor protein. Pathology related Alzheimer tau fragments are 
not disclosed in this document. 

WO 94/18560 Al discloses an immune assay for detecting htunan tau 
protein in a cerebrospinal fluid for detecting patients with 
cell central nervous cytopathies. This assay does not discrimin- 
ate between normal tau and tau of patients with central nervous 
cytopathis but detects the total amount of tau protein in a 
sample. 

It is therefore an object of the present invention to provide 
such reliable markers correlated with pathological dysfunction 
of Alzheimer's disease neurons. Moreover, suitable tools for 
verifying the presence and assaying the activity of such tau de- 
rived polypeptides would be valuable means for Alzheimer dia- 
gnostics and therapeutics. 

The present invention therefore provides and C-terminally 
double tinincated tau molecules, which are characterized by the 
following featiires ("'type lA tau molecules"): 

- the ^molecules have at least the first 236 N- terminal amino 
acids and at least the last 45 C-terminal aiaino acids of the 4 
repeat containing tau43 truncated, 

- the molecules are detectable in Alzheimer's diseased brain 
tissue whereas the molecules are not detectable in normal 
healthy brain tissue and 

- the molecules prevent normal tau protein from promoting micro- 
tubule assembly in an in vitro microtubule assembly assay, 

- said prevention of the promotion of microtubule assembly can 
be eliminated by specific inhibitory, neutralising monoclonal 
antibodies against said molecules in a microtubule assembly 
assay. 

In the following the designation 'N- and C- terminally double 
truncated tau proteins • is used to describe two groups of trun- 
cated tau derivatives which appear in Alzheimer's disease brains 
and which are closely correlated with pathological dysfunction 
of Alzheimer's disease neurons. In particular, these proteins 
represent a group of molecules which exert their pathological 
function by modifying microtubule associated biological func- 
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tions such as microtubule assembly or intracellular transport. 
In the following the term 'protein complexes' is used for N- and 
C-terminally double truncated tau proteins in the form of homo- 
dimeric, heterodimeric or multimeric complexes that are composed 
of molecules that are physically associated with tau and/or 
double truncated tau proteins. 

As used herein, the term 'tau' refers to the group of shortest 
naturally occurring isoforms present in healthy hxunan brain con- 
taining three repeats (tau44) and four repeats (tau43) in their 
microtubule binding domain as previously described (39, 40): 
tau43 (383 amino acids, missing exons 2 and 3 [pos 45-102]) 
tau44 (352 amino acids, missing exons 2,3 and 10 [pos 45-102 and 
275-307, resp.]). In the following text the term "wild type tau" 
is used synonymously for "normal tau protein" and refers to tau 
protein derived from healthy brains. 

Suitable microtxibule assembly assays (alternatively often also 
termed ''microtubule polymerisation assays") are e^g. described 
in (19) and (20). The term '^preventing" includes any significant 
inhibition of 20% or more, preferably 50% or more of normal tau 
promoting activity. 

Specifically preferred type lA tau molecules according to the 
present invention comprise an amino acid sequence selected from 
the group of SEQ ID NOs 1 to 3 . 

Further, the present invention provides N- and C-terminally 
double truncated tau molecules, which are characterized by the 
following features C^type IB tau molecules''): 

- the molecules have at least the first 238 N- terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 207 N-terminal amino 
acids and at least the last 50 C-terminal amino acids of the 3 
repeat containing tau44 truncated , 

- the molecules are detectable in Alzheimer's diseased brain 
tissue whereas the molecules are not detectable in normal 
healthy brain tissue and 

- the molecules do not prevent wild type tau from promoting mi- 
crotubule assembly in an in vitro microtubule assembly assay. 
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Preferred type IB tau molecules are characterized in that the 
comprise an amino acid sequence selected from the group of SEQ 
ID NOs 4 to 10. 

The present invention also provides N- and C-terminally double 
truncated tau molecules, which are characterized by the follow- 
ing features {''type IIA tau molecules"): 

- the molecules have at least the first 68 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 68 N-terminal amino acids 
and at least the last 20 C-terminal amino acids of the 3 re- 
peat containing tau44 truncated, 

- the molecules are detectable in Alzheimer's diseased brain 
tissue, whereas the molecules are not detectable in normal 
healthy brain tissue, 

- the molecules have a higher microtubule assembly promoting 
activity than wild type tau in an in vitro microtubule as- 
sembly assay, 

- said microt\ibule assembly promoting activity can be eliminated 
by specific inhibitory, neutralising monoclonal antibodies 
against said molecules in a microtubule assembly assay and 

- the pathologic activity of said molecules relies their binding 
to the microtubular network defined by the microti±>ule poly- 
merisation promoting activity. 

Preferably, the enhanced microtiobule assembly proting activity 
is at least 20% higher, especially at least 50% higher than wild 
type tau when measured spectrophotometrically. 

Preferred type IIA tau molecules are characterized in that the 
comprise an amino acid sequence selected from the group of SEQ 
ID NOs 11 to 18. 

Moreover, the present invention provides N- and C-terminally 
double truncated tau molecules, which are characterized by the 
following features (''type IIB tau molecules"): 

- the molecules have at least the first 68 N-terminal amino 
acids and at least the last 40 C-terminal amino acids of the 4 
repeat containing tau43 or the first 68 N-terminal amino acids 
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and at least the last .20 C- terminal amino acids of the 3 re- 
peat containing tau44 truncated, 
- the molecules are detectable in Alzheimer's diseased brain 
tissue, whereas the molecules are not detectable in normal 
healthy brain tissue, 

the molecules have a pathological microtubule assembly promot- 
ing activity different from wild type tau in an in vitro mi- 
crotubule assembly assay. 

Preferred type I IB tau molecules according to the present inven- 
tion are characterized in that they comprise an amino acid se- 
quence selected from the group of SEQ ID NOs 19 and 20. 

The novel tau polypeptides according to the present invention 
(lA, IB, IIA and IIB) have typical and unique localisation char- 
acteristics since they exclusively localize in Alzheimer's dis- 
eased brain tissue. Moreover, also the interaction of these 
polypeptides with non-polymerized tubulin (alpha/beta dimers) 
and polymerized form (as microtiibule) is unique. 

According to another aspect, the present invention provides a 
method for the preparation of molecules according to the present 
invention (type lA, IB, IIA, IIB), characterized in by the fol- 
lowing steps: 

a) construction of a recombinant prokaryotic expression plasmids 
carrying coding sequences for a double truncated tau molecule 
with deletions covering at least the first 236 and the last 40 
.amino acids or the first 68 and the last 20 amino acids or 
combinations thereof, 

b) growing said bacteria under conditions allowing expression of 
said and C- terminally double truncated tau molecule, 

c) collecting of bacteria, preferably by centrifugation, 

d) resuspending the bacterial pellet, 

e) sonicating said bacteria, 

f) fractionating said sonicated bacteria by gel filtration and 

g) monitoring the activity of the obtained fractions by a micro- 
tubule assembly assay thereby identifying the different activ- 
ities of type I and type II tau molecules. 

Preferably, the truncations are as defined above for type lA, 
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IB, IIA and IIB molecules. The microtubule assembly assay activ- 
ity is preferably as defined above, especially as for lA. 

Moreover the present invention provides a method for the prepar- 
ation of molecules according to the present invention, charac- 
terized in by the following steps: 

a) providing Alzheimer's diseased brain tissue, 

b) homogenising said diseased brain tissue in a buffer, espe- 
cially in Tris buffer, 

c) ammonium sulfate precipitation of said homogenized brain tis- 
sue, 

d) redissolving in PIPES buffer, 

e) fractionating said redissolved material by gel filtration and 

f) monitoring the activity of the obtained fractions by a micro- 
tubule assembly assay thereby identifying the different activ- 
ities of type I and type II tau molecules. 

The microtiobule assembly assay activity is preferably as defined 
above, especially as for lA. 

The present invention further provides a method for testing siib- 
stances effective in disassembling a complex of type lA mo- 
lecules and tubulin, conprising the following steps: 

a) allowing the formation of protein complexes between type lA 
molecules and tubulin and 

b) incubating the protein complexes with a substance to be tested 
and identifying those s\ibstances which allow the restoration 
of the microtubule assembly promoting capacity of wild type 
tau. 

Further, the present invention also provides a method for test- 
ing siibstances effective in inhibiting type lA molecules from 
initiating the formation of complexes with tixbulin in a cellular 
system expressing wild type tau comprising the following steps: 

a) introducing a functional gene encoding a type lA molecule un- 
der the control of suitable regulatory regions into a cell ex- 
pressing normal tau protein, 

b) allowing the formation of protein complexes between type lA 
molecules and tubulin molecules, 

c) applying the substance to be tested to the cells harboring 
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said complexes an 
d) examining the effect of said substance on type lA biological 
activity as defined above. 

The present invention also provides a method for in vitro con- 
version of microtubules into a pathological state characterized 
by incubating tubulin protein with type IIA under physiological 
conditions which allow the interaction of said type IIA mo- 
lecules with microtubules generating pathological microtubules* 

According to another aspect, the present invention provides a 
method for screening substances capable of neutralising the 
pathological effects of a type IIA molecules for their property 
to eliminate and/or neutralize type IIA molecules and to restore 
physiological microtubule parameters and functions caused by 
type II molecules comprising the following steps: 

a) formation of pathological microtubules in the presence of type 
IIA .molecules and tubulin, 

b) incubation of a mixture of the substance, type IIA and tubulin 
with the substance to be screened and 

c) examination of the result with respect to diminishing the 
formation of pathological microtiibules caused by type IIA mo- 
lecules . 

According to the present invention, also a method for testing 
substances effective in inhibiting the in vivo activity of type 
IIA molecules in promoting abnormal microtubule formation and 
function in a cellular system expressing type IIA molecules is 
provided, which comprises the following steps: 

a) introducing a functional gene encoding type IIA molecules tin- 
der the control of suitable regulatory regions into a cell ex- 
pressing wild type tau, 

b) allowing the formation of complexes between type IIA tau mo- 
lecules and microtubules, whereby said complexes are involved 
in the formation of pathological microtubules, 

c) applying the substance to be tested to the cells harboring 
said complexes and 

d) examining the effect of said substance on type IIA biological 
activity, especially on the modifications of the microtubule 
network and its associated functions. 
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According to another aspect, the present invention also provides 
transgenic animals expressing a molecule according to the 
present invention (type lA, IB, IIA or IIB) , especially lA an/ or 
IIA. 

The present invention also relates to the use of a transgenic 
animal according to the present invention as animal model for 
Alzheimer's disease, especially for screening and testing drugs 
for the treatment of Alzheimer's disease. 

With the present invention a vaccine is provided which comprises 
a molecule according to the present invention (lA, IB, IIA or 
IIB) , especially lA and IIA, and a pharmaceutically acceptable 
carrier, especially an adjuvant. 

The present invention also provides inhibitor of the initiation 
of the formation of complexes of a type lA molecule with wild 
type tau. A specific example for such inhibitors are substances 
comprising a binding moiety as the monoclonal antibody DC44 de- 
posited under the deposition number 02060767 at the European 
Collection of Cell Cultures (ECACC) , Porton Down, Salisbury, UK, 
especially DC44 or binding fragments thereof, such as the Fab. 

Thus, the present invention provides: 

(1) molecular and functional identification and characterisation 
of N- and C- terminally triincated diseased fonns of tau pro- 
teins. These molecules exert their pathological function in 
Alzheimer's disease by modifying microtiibule associated biolo- 
gical functions such as microtubule assembly or intracellular 
transport. 

(2) antibodies specific for the protein epitopes 

(3) antibodies neutralising pathological activities of said pro- 
teins 

(4) methods for screening and testing therapeutic drug candidates 
(including antibodies) effective in inhibiting, neutralising 
and eliminating N- and c-terminally double truncated tau pro- 
teins or preventing formation thereof 

(5) the development of animal models bearing gene constructs en- 
coding for the respective double tiruncated tau proteins as 
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transgene or transgene-combinations which can be used for drug 
screening 

(6) pharmaceutical compositions comprising inhibitors to said 
double truncated tau proteins and to proteases involved in 
their origin 

(7) methods for screening molecules which generate N- and C- ter- 
minally double truncated tau molecules 

(8) diagnostic and therapeutic compositions recognising and/or 
interacting with said molecules 

(9) the development of vaccines based on the antigenicity of said 
doixble truncated proteins 

(10) methods involving said proteins and their epitopes and/ or 

: antibodies or other specific probes for in vitro and in vivo 
diagnosis of Alzheimer's disease and other disorders related 
to pathological changes of tau. 

Accordingly/ the present invention relates to the characterisa- 
tion of N- and C-terminally double truncated forms of patholo- 
gical tau protein and their epitopes which are specifically oc- 
curring in Alzheimer ' s disease . 

Degradation of proteins is a general phenomenon occurring during 
physiological elimination of proteins encompassing production of 
intermediate truncation products of various size, usually of 
short half life, at protein is no exception and undergoes this 
process in healthy brains containing wt (=wild type) tau. In the 
following the term *wt at covers all 6 naturally occurring iso- 
forms of tau protein normally found in the brain of healthy in- 
dividuals. Various short truncation forms of at found in 
Alzheimer diseased brain were produced in bacteria, purified to 
various extent with aim to probe physiological function of at 
proteins, to map their domains and phosphorylation epitopes or 
in experiments trying to understand the mechanisms of paired 
helical assembly in Alzheimer's disease and other neurodegener- 
ative disorders, with equivocal results (23-27,34,41,42), The 
general term "N- and C- terminally double truncated forms of tau 
proteins" refers to any tau protein in Alzheimer's disease with 
loss at least one of its amino acids at both ends of molecule. 
Throughout the analysis of double truncated tau in extracts from 
Alzheimer diseased brains it was found in the course of the 
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present invention that some of- these molecules displayed struc- 
turally and functionally distinct characteristics which allowed 
to discriminate them from other tau fragments found in 
Alzheimer's diseased brain tissue. On the basis of this discrim- 
ination a novel scheme was provided which defines two major 
classes of pathogenic molecules of N- and C-terminally double 
truncated tau molecules distinct from healthy tau: Type I and 
Type II tau molecules. These groups can further be sxibdivided 
into two subclasses each based on the molecular structure and 
are designated type lA and B, and type IIA and B, respectively. 

Type lA and type IIA represent structurally and functionally 
distinct types of diseased molecules derived from microtiibule 
associated protein tau generated by pathological processing. N- 
and C- terminally truncated tau molecules, represent diseased mo- 
lecules, derived from microtiibule associated protein tau and 
emerging during specific pathological processes characteristic 
of Alzheimer's disease. This is a common feature of all four 
groups of tau derived proteins. Further common features of all 
groups are an N- and C- terminal truncations, their intra- and 
extraneuronal localisation and functional distinction from nor- 
mal, healthy tau. 

The group of molecules designated 'type lA' is described by the 
examples SEQ ID 1-3. These truncated tau molecules differ from 
normal tau in acting as key (central), active units, and driving 
force for interaction of pathological tau and tubulin. Type lA 
as well as type IB molecules do not have any promoting activity 
in microtubule assembly. Surprisingly type lA is able to prevent 
normal tau from promoting microtubule assembly (Example 1) . Des- 
pite of similar primary sequence features and molecular masses, 
type IB, does not show this functional activity in vitro 
(Example 2) . This is suggestive for a strong binding activity of 
type lA to tubulin and thereby providing a dominant negative ef- 
fect on tau physiology. Type lA molecules are therefore most 
likely responsible for continuous, chronic depletion of neurons 
from functional microtubular network and for taking part in 
neurofibrillary structures which directly correlate with the 
clinical severeness of Alzheimer's disease. Unexpectedly, type 
IB (e.g. SEQ. ID. NO: 4-10), despite having similar molecular mass 
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and sequences as the type lA group of molecules, display none of 
pathological activities of group lA members (see Example 2) . As 
opposed to these groups, type IIA double truncated tau derivat- 
ives bind microtubules and promote their pathological assembly 
(Example 3) , In the following Type IIA promoted microtubules are 
referred to as 'pathological microtubules'. Surprisingly, mo- 
lecules with similar sequences and ranges of molecular weights 
(Type IIB) are lacking these high microtubule polymerisation 
capabilities . In microtubule assembly assays they perform to the 
levels seen with full length tau protein (see Example 3) . 

N- and C- terminally truncated tau derivatives of both groups 
(type IIA and B) interfere at the cellular level with axonal 
tramsport leading to synaptic loss which ultimately results in 
neuronal dysfunction and cognitive impairment in Alzheimer's 
disease patients. Simultaneously, afflicted neurons are vulner- 
able to various forms of stress such as oxidative stress 
(Example 4) . Type IIB despite of having similar molecular sizes 
than type IIA additionally promote microtubule assembly to 
levels seen for full length healthy tau (wild type tau) when 
measured spectrophotometrically. 

In a further preferred embodiment of the type lA and -B and type 
IIA and B molecules of the invention the recombinant versions of 
said molecules can be obtained by carrying out the following 
steps: 

(a) Construction of a recombinant proka3ryotic expression plasmids 
carirying coding sequences for said doiible truncated tau mo- 
lecules (type I and II) 

(b) growth of bacteria imder conditions allowing expression an N- 
and C- terminally double trioncated tau molecules (type I and 
II) 

(c) collecting of bacteria by centrifugation 

(d) resuspending the bacterial pellet from 500 ml cultivation in 
buffer A : (20 mM PIPES pH 6.9, 50mM NaCl, ImM EGTA, ImM MgS04, 
2mM DTT, 0 . 1 mM PMSF) 

(e) sonication on ice for 1 min (3 times) centrifugation at 45 
000 rpm, 15 min at +2°C (rotor TLA-120,2, Beckmann Optima TLX) 

(f) chromatography on Phosphocellulose, or MONO S HR 5/5 or 5 ml 
HiTrap SP Sepharose HP column in linear gradient 0-lM NaCl in 
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buffer "A" identifying the obtained proteins by SDS-PAGE and 
Western blot analysis. 

In a preferred embodiment of the invention, said type lA group 
of N- and C-terminally double truncated members comprises the 
following amino acid sequences: 

Derivatives from four repeat tau (tau 43) will be labeled R4 



SEQ ID NO: 1 (239-333, R4) 



ile 


lys 


his 


val 


pro gly gly 


crlv 


ser 


val 


gin ile 


Vr5 1 


f"\rr 1 vc; 




val 


asp 


leu 


ser 


lys val thr 


ser 


lys 


cys 


gly ser 


leu 


gly asn 


ile 


his 


his 


lys 


pro 


gly gly giy 


gin 


val 


glu 


val 


lys 


ser 


glu lys 


leu 


asp 


phe lys 


asp 


arg val gin 


ser 


lys 


ile 


gly ser 


leu 


asp asn 


ile 


thr 


his 


val 


pro 


gly gly gly 


asn 


lys 


lys 


ile glu 


thr 


his lys 


leu 


thr 


phe arg glu asn ala lys 


ala 


lys 

J: 


thr 


asp 


his 


crlv 


ala alu 




SEQ 


ID NO: 2 (237-333, R4) 


















asp 


asn 


ile 


lys 


his val pro 


crlv 


crlv 


crlv 


ser 


val 


gin 


ile val 




lys 


pro 


val 


asp 


leu ser lys 


val 


thr 


ser 


lys 


cys 


gly 


ser leu 


gly 


asn 


ile 


his 


his 


lys pro gly 


gly 


gly 


gin 


val 


glu 


val 


lys ser 


glu 


lys 


leu 


asp 


phe 


lys asp arg 


val 


gin 


ser 


lys 


ile 


gly 


ser leu 


asp 


asn 


ile 


thr 


his 
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gly 


gly 


asn 


lys 


lys 


ile 


glu thr 


his 


lys 


leu 


thr phe 


arg glu asn 


ala 


lys 


ala 


lys 


thr 


asp 


his gly 


ala 


glu 


























SEQ 


ID NO: 3 (239-318, R4) 


















ile 


lys 


his 


val 


pro gly gly 


gly 


ser 


val 


gin 


ile 


val 


tyr lys 


pro 


val 


asp 


leu 


ser 


lys val thr 


ser 


lys 


cys 


gly ser 


leu 


gly asn 


ile 


his 


his 


lys 


pro 


gly gly giy 


gin 


val 


glu 


val 


lys 


ser 


glu lys 


leu 


asp 


phe 


lys 


asp 


arg val gin 


ser 


lys 


ile 


gly 


ser 


leu 


asp asn 


ile 


thr 


his 


val 


pro 


gly gly gly 


asn 


lys 


lys 


ile 


glu 


thr 


his lys 


leu 



In a preferred embodiment of the invention, said type IB group 
of N- and C- terminally doiable truncated members comprises the 
following amino acid sequences: 
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SEQ ID NO: 4 (239-326, R4) 

ile lys his val pro gly gly gly ser val gin lie val tyr lys pro 

val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 

his his lys pro gly gly gly gin val glu val lys ser glu lys leu 

asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 

thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala 

SEQ ID NO: 5 (239-328, R4) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala lys thr 

SEQ ID NO: 6 (239-331, R4) 

ile -lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val, asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala lys thr asp his gly 

SEQ ID NO: 7 (239-334, R4) 

ile lys his val pro gly gly gly ser val gin ile val tyr 

val asp leu ser lys val thr ser lys cys gly ser leu gly 

his his lys pro gly gly gly gin val glu val lys ser glu 

asp phe lys asp arg val gin ser lys ile gly ser leu asp 

thr his val pro gly gly gly asn lys lys ile glu thr his 

thr phe arg glu asn ala lys ala lys thr asp his gly ala 

SEQ ID NO: 8 (239-340, R4) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 



lys pro 
asn ile 
lys leu 
asn ile 
lys leu 
glu ile 
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val asp leu ser 
his his lys pro 
asp phe lys asp 
thr his val pro 
thr phe arg glu 
val tyr lys ser 



lys val thr ser 
gly gly gly gin 
arg val gin ser 
gly gly gly asn 
asn ala lys ala 
pro val 



lys 


cys 


gly 


ser 


val 


glu 


val 


lys 


lys 


ile 


gly 


ser 


lys 


lys 


ile 


glu 


lys 


thr 


asp 


his 



leu 


■gly 


asn 


ile 


ser 


glu 


lys 


leu 


leu 


asp 


asn 


ile 


thr 


his 


lys 


leu 


gly 


ala 


glu 


ile 



SEQ ID NO: 9 (239-343, R4) 



ile lys his val pro gly gly 


gly 


ser 


val 


gin 


ile 


val 


tyr 


lys 


pro 


val asp leu ser 


lys val thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly 


asn 


ile 


his his lys pro 


gly gly gly 


gin 


val 


glu 


val 


lys 


ser 


glu 


lys 


leu 


asp phe lys asp 


arg val gin 


ser 


lys 


ile 


gly 


ser 


leu 


asp 


asn 


ile 


thr his val pro 


gly gly gly 


asn 


lys 


lys 


ile 


glu 


thr 


his 


lys 


leu 


thr phe arg glu 


asn ala lys 


ala 


lys 


thr 


asp 


his 


gly 


ala 


glu 


ile 


val tyr lys ser 


pro val val 


ser 


gly 

















Derivatives from three repeat tau (tau 44) will be labeled R3 
SEQ ID NO: 10 (208-302, R3) 

leu lys his gin pro gly gly gly lys val gin ile val tyr lys pro 
val asp leu ser lys val thr ser lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala lys thr asp his gly ala glu 



There may be one or more epitopes of tau protein which specific- 
ally, occur in type lA or type IIA members in N- and C-terminally 
double truncated diseased forms of tau proteins- 

In the present embodiment of the invention, said epitopes are 
specifically located within the primary structure of type lA 
(SEQ ID 1-3) and type IIA (SEQ ID 11-18) group members and their 
number, heterogeneity and specificity depends on and is added by 
specific structural conformation of each individual group mem- 
ber. Therefore the singularity of each molecule is not solely 
based on its primary structure together with its effects on mi- 
crotubule assembly, but also on its secondary and ternary struc- 
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ture which makes up its epitopes. Some of them can form particu- 
larly important "conformational regions" contributing signific- 
antly to the activity of said molecules. 

The term "conformational region" as used herein refers to epi- 
topes clustered to one region .of molecule contributing to its 
activity. 

In a particularly preferred embodiment the conformational region 
encompassed in type I and type II molecules comprising amino 
acids "ile lys his val pro gly gly gly ser val gin ile val tyr 
lys pro val asp leu ser lys val thr ser lys cys gly ser leu" is 
corresponding to residues 239-267 (SEQ ID NO: 1-9 and 11-14,19 
R4) and comprising amino acids "val gin ile val tyr lys pro val 
asp leu ser lys val thr ser lys cys gly ser leu" corresponding 
to residues 217-236 (SEQ ID NO: 10.15-18,20 R3) was designated 
sequence A. 

In still another preferred embodiment of the invention said epi- 
topes in said conformational region were identified and their 
relative contribution determined by deletion mutagenesis. The 
significance of all these epitopes and their relationship to 
function on microtubules are demonstrated by the mutant forms 
which showed that they are contributing at various extent to the 
activity of type lA molecules (Example 5). These individual epi- 
topes comprise the following amino acid sequences: 

A: ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu ser lys val thr ser lys cys gly ser leu 
(corresponding to residues 239-267 in SEQ ID NO: 1-9 and 11- 
14,19) . The epitope deletion mutant has SEQ ID NO: 21 (268- 
333,R4;del 239-267) 

gly asn ile his his lys pro gly gly gly gin val glu val lys ser 
glu lys leu asp phe lys asp arg val gin ser lys ile gly ser leu 
asp asn ile thr his val pro gly gly gly asn lys lys ile glu thr 
his lys leu thr phe arg glu asn ala lys ala lys thr asp his gly 
ala glu 

Al: ile lys his val pro gly gly gly ser 

(corresponding to residues 239-247 in SEQ ID NO: 1-9 and 11- 
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14,19). The deletion mutant has SEQ ID NO: 22 (248-333, R4; del 
239-247) 

val gin ile val tyr lys pro val asp leu ser lys val thr ser lys 
cys gly ser leu gly asn ile his his lys pro gly gly gly gin val 
glu val lys ser glu lys leu asp phe lys asp arg val gin ser lys 
ile gly ser leu asp asn ile thr his val pro gly gly gly asn lys 
lys ile glu thr his lys leu thr phe arg glu asn ala lys ala lys 
thr asp his gly ala glu 

A2 : ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu 

(corresponding to residues 239-257 in SEQ ID NO; 1-9 and 11- 
14, i9). The deletion mutant has SEQ ID NO: 23 (258-333, R4;del 
239-257) 

ser lys val thr ser lys cys gly ser leu gly asn ile his his lys 
pro gly gly gly gin val glu val lys ser glu lys leu asp phe lys 
asp arg val gin ser lys ile gly ser leu asp asn ile thr his val 
pro gly gly gly asn lys lys ile glu thr his lys leu thr phe arg 
glu asn ala lys ala lys thr asp his gly ala glu 

A3: ile lys his val pro gly gly gly ser val gin ile val tyr lys 
pro val asp leu ser lys val thr ser 

(corresponding to residues 239-262 in SEQ ID NO: 1-9 and 11- 
14,19) . The deletion mutant has SEQ ID NO: 24 (263-333 , R4; del 
239-262) 

lys cys gly ser leu gly asn ile his his lys pro gly gly gly gin 
val glu val lys ser glu lys leu asp phe lys asp arg val gin ser 
lys ile gly ser leu asp asn ile thr his val pro gly gly gly asn 
lys lys ile glu thr his lys leu thr phe arg glu asn ala lys ala 
lys thr asp his gly ala glu 

A4: ser val gin ile val tyr lys pro val asp leu ser lys val thr 
ser 

(corresponding to residues 246-262 in SEQ ID NO: 1-9 and 11- 
14,19) . 

The epitope deletion mutant has SEQ ID NO: 25 (239-333, R4;del 
248-262) 

ile lys his val pro gly gly gly lys cys gly ser leu gly asn ile 
his his lys pro gly gly gly gin val glu val lys ser glu lys leu 
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asp phe lys asp arg val gin ser lys ile gly ser leu asp asn ile 
thr his val pro gly gly gly asn lys lys ile glu thr his lys leu 
thr phe arg glu asn ala lys ala lys thr asp his gly ala glu 

a5: asp leu ser lys val thr ser 

corresponding to residues 256-262 in SEQ ID NO: 1-9 and 11- 
14,19, and to residues 225-231, R3 SEQ ID NO:10, 15-18,20 
The epitope deletion mutant has SEQ ID NO: 26 (239-333, R4;del 
256-262) 

ile lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val lys cys gly ser leu gly asn ile his his lys pro gly gly gly 
gin val glu val lys ser glu lys leu asp phe lys asp arg val gin 
ser lys ile gly ser leu asp asn ile thr his val pro gly gly gly 
asn lys lys ile glu thr his lys leu thr phe arg glu asn ala lys 
ala lys thr asp his gly ala glu 

A6: lys cys gly ser leu corresponding to residues 263-267 in SEQ 
ID NO: 1-9 and 11-14,19 and to residues 232-236, R3 in SEQ ID NO: 
10, 15-18,20 

The epitope deletion mutant has SEQ ID NO: 27 (239-333 , R4; del 
263-267) 

ile .lys his val pro gly gly gly ser val gin ile val tyr lys pro 
val asp leu ser lys val thr ser gly asn ile his his lys pro gly 
gly gly gin val glu val lys ser glu lys leu asp phe lys asp arg 
val gin ser lys ile gly ser leu asp asn ile thr his val pro gly 
gly gly asn lys lys ile glu thr his lys leu thr phe arg glu asn 
ala lys ala lys thr asp his gly ala glu 

Again it is to be imderstood that not all of the amino acids of 
the peptide necessarily contribute to the specific site actually 
recognised by specific antibodies. 

In a preferred embodiment of the invention, said type lA dis- 
eased tau proteins have the following properties: 

a) the proteins are N- and C- terminally truncated (Example 6) 

b) the proteins are present in Alzheimer's diseased tissue where- 
as the proteins are absent in normal healthy brain (Example 6) 

c) in an in vitro microtubule assembly assay they prevent normal 
tau protein from promoting microtubule assembly (Examples 7) 

d) in a microtubule assembly assay using normal tau, their inhib- 
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. itory activity can be eliminated by specific inhibitory, neut- 
ralising monoclonal antibodies (Example 11) 

e) their pathologic activity relies on combination of the amino 
acid sequence and structural conformations not present in nor- 
mal healthy tau (Example 6) 

f) the proteins appear to be are conformationally different from 
normal tau proteins (Example 6) . 

In a most preferred embodiment the present invention relates to 
type lA group of N- and C-terminally truncated diseased tau 
forms SEQ ID NO 1-3 and their "conformational region" (sequence 
"A") and epitopes A1-A6. 

Type IB tau proteins differ with respect to the following prop- 
erties : 

a) Type IB proteins are N- and C- terminally truncated (Example 6) 

b) the proteins may be present in normal healthy human brain 

c) in an in vitro microtubule assembly assay they do not prevent 
normal tau protein from promoting microtxibule assembly 
(Examples 2 and 7, resp.) 

d) they do not show pathologic activity in modification of micro- 
tubule assembly (Examples 2 and 1, resp.). 

e) type IB molecules appear to be are conformationally different 
from normal tau (Example 6) . 

Another embodiment of the present invention is the combination 
of the presented approach comprising various extraction methods, 
many of them per se known in the art, combined with functional 
assays with the mentioned double truncated forms of tau leading 
to the identification of further molecules affecting tau and mi- 
crotubule f Tinctions . The yield of tau protein from brain extract 
may vary in functionality of extracted N- and C-terminally 
double truncated tau molecules depending on the staging of the 
particular brain tissue sample (Example 6) . The person skilled 
in the art knows how to employ the method of the present inven- 
tion for a variety of different purposes which all fall under 
the scope of protection of the present invention. 

In another preferred embodiment the present invention relates 
especially to SEQ ID NO: 1 as a prototype type lA molecule group 
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member. 

Still another object of the invention is to provide a method for 
the in vitro conversion of normal tau protein into Alzheimer 
protein wherein tubulin is incubated with a type lA molecule of 
the present invention under conditions which allow the interac- 
tion of said tubulin with said type lA molecule. 

The term "allowing the interaction of type lA molecules or pep- 
tide derivatives thereof with tubulin" refers to conditions 
which allow the activity, preferably the optimal activity, of 
type lA molecules. This activity results in binding to tubulin 
and inhibiting its physiological function in microtubule as- 
sembly* 

In another embodiment type lA molecules could be inhibited or 
neutralized by derivatives thereof. As described in the present 
invention for screening inhibitory molecules , type lA peptides 
and derivatives thereof such as peptides containing deletions or 
mutations can be tested or screened for their effects on micro- 
tubule polymerisation. 

Nortnal tau protein may be derived from natural or recombinant 
sources- However for the purpose of carrying out the method of 
the present invention, it is expedient to use recombinant mater- 
ial- 

The methods described above specifically provide sufficient 
amounts of type lA N- and C- terminally doxible truncated tau pro- 
teins for a variety of purposes: An in vitro screening system 
for new inhibitors may be established which prevents the inhibi- 
tion of microtubule assembly caused by pathological, double 
trxincated tau type lA. 

An inhibitor useful in the composition of the present invention 
is therefore any inhibitor capable of modulating the pathologic- 
al interaction of type lA molecules with tubulin. The mode of 
action of such an inhibitory molecule consists of an interaction 
with either type lA or normal tau. 
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These 'inhibitors' may be specific for the epitope or epitopes 
encompassed in type lA molecules, by e.g. blocking the epitope 
or may be directed to various domains on type lA molecules / as 
long as they prevent or disturb its pathological or biological 
activity. The inhibitory effect can be defined quantitatively by 
measuring residual microtubule assembly promoting activity by 
normal tau. As a source of inhibitors can be used libraries of 
small molecules of defined chemical structure and composition, 
peptide libraries, antibody libraries free in the solution or 
displayed on the surface of synthetic surfaces of phages or bac- 
teria or ribosomes (ribosomal display) and similar technologies 
known in the art. 

A further object of the invention is to provide a method for 
testing molecules and compounds effective in disassembling type 
lA complexes (type I in vitro assay) comprising the following 
steps: 

a) allowing the formation of protein complexes between type lA 
molecules or peptides derived thereof eind tubulin or other mo- 
lecules interacting with type lA molecules 

b) incxibating the protein complexes with drug to be tested 

c) examining the result of the incubation of step (b) with re- 
spect to the restoration of the microtubule assembly promoting 
capacity of the healthy tau isoforms. 

Still another object of the invention is to provide a method for 
testing drugs effective in the prevention or reduction of the 
inhibition of normal in vitro activity of healthy tau isoforms 
comprising the following steps: 

a) A given drug to be tested in combination with type lA mo- 
lecules or peptides derived thereof is expected not to inter- 
fere with normal tau and its in vitro functions . 

b) Incubation of a type lA molecule with a drug to be tested in 
the presence of normal tau and tubulin 

c) Examining the result of the incubation of step a) and b) with 
respect to the presence or absence of inhibiting activity of 
type lA molecules on microtubule polymerisation (Example 8) . 

The term "allowing the formation of complexes between type lA 
molecules or peptides derived thereof euid tubulin" in the ab- 
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sence of said drug refers to condition which allows interaction 
of type lA molecule with said tubulin resulting in inhibition of 
microtubule formation. 

The person skilled in the art knows how to employ the method of 
the present invention for a variety of different purposes which 
all fall under the scope of protection of the present invention. 

In a further aspect, the present invention relates to a method 
for testing drugs effective in inhibiting type lA molecules from 
initiating the formation of complexes in a cellular system ex- 
pressing ta:u or tau derived proteins (type I cellular assay) 
comprising the following steps: 

a) introducing a functional gene encoding type lA molecules under 
the control of suitable regulatory regions into a cell ex- 
pressing normal tau protein 

b) allowing the formation of protein complexes between type lA 
tau and tubulin molecules 

c) applying the drug to be tested to the cells harboring said 
complexes 

d) examining the effect of said drug on type lA biological activ- 
ity such as structural and functional modifications of micro- 
tiobules . 

The term 'cell expressing tau protein' as used in step (a), 
refers to cells which have the capacity to express N~ and C-ter- 
minally double trvmcated tau forms from a gene construct encod- 
ing a type lA molecule or a derivative thereof. The person 
skilled in the art is awcire of the fact that the sequence of ex- 
perimental steps of the introduction of the genes encoding the 
type lA molecules is irrelevant for the purpose of the method of 
the invention. 

Said method is particularly advantageous since the screening 
system is based on the continuously growing cell lines which 
provide a close image of the in vivo situation. Moreover, ample 
supply of type lA molecules located intracellularly allows 
screening for drugs effective in inhibiting the biological ef- 
fects of type lA molecules. 
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in a preferred embodiment said, cell expressing type lA molecules 
is a neuroblastoma, or pheochromocytoma cell or a primary cul- 
ture of nerve cells derived from transgenic animal expressing 
type lA molecules. 

The group of molecules designated 'type II* consists of N- an C- 
terminally double truncated tau protein molecules (e.g- se- 
quences described in SEQ ID 11-20). Representatives of this 
group localize intra- and extraneuronaily cind are functionally 
different from normal, healthy tau. 

The discovery and isolation of this group of proteins underlying 
the present invention provides (1) a molecular description and 
characterisation of tau modifications leading to specific micro- 
tubule binding and abnormal promotion of microtubule assembly 
(Example 3) with pathological consequences to its carrier 
(Exaitple 4), (2) antibodies specific for the protein epitopes 
and (3) antibodies neutralising pathological activities of said 
type II molecules (Example 12), (4) methods for screening and 
testing therapeutic drug candidates effective in inhibiting, 
neutralising and eliminating said type II proteins or (5) meth- 
ods screening and testing therapeutic drug candidates effective 
in inhibiting formation of tau derived proteins such as type II 
molecules, (6) the development of animal models bearing gene 
constructs encoding for the respective N- and C-terminally 
double truncated tau proteins as a transgene or transgene-com- 
binations which can be used for drug screening (7) pharmaceutic- 
al compositions comprising inhibitors to said double trxincated 
tau proteins and their proteases, (8)- diagnostic and therapeutic 
compositions recognising/ interacting with said molecules, (9) 
the development of vaccines based on said double truncated pro- 
teins (10) methods involving said proteins and their epitopes 
and/or antibodies or other specific probes for in vitro and in 
vivo diagnosis of Alzheimer's disease and other disorders re- 
lated to pathological changes of tau. 

As opposed to the groups type lA and B, type IIA molecules pro- 
mote pathological microtxibule assembly significantly higher than 
microtubule assembly promoted by normal healthy tau isoforms 
when measured spectrophotometrically (see Examples 1 and 3, 
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respO . Surprisingly a subgroup of N- and C-terminally dovible 
truncated tau molecules with similar sequences and ranges of mo- 
lecular weights (type JIB) are lacking these ''high" microtuJDule 
polymerisation capabilities. In microtubule assembly assays, 
this subgroup of molecules performs, to the levels seen with full 
length tau protein (Example 3) . 

Accordingly, the present invention relates to a new type of mod- 
ified tau protein found in Alzheimer's disease, called type IIA 
group of tau proteins. The group consist of N- and C- terminally 
doixble truncated tau molecules (SEQ ID 11-18) . 

The term type II molecules refers to members of the group signi- 
ficantly different in structure and function not only from nor- 
mal healthy tau but from type lA and -B tau group as well. Mo- 
lecules of this subgroup bind microtubules and promote their 
pathological assembly that is significantly more pronounced than 
normal microtubule assembly by healthy tau isoforms (Example 3). 
Type IIA N- and C-terminally double truncated tau molecules in- 
terfere at the cellular level with axonal transport of constitu- 
,.ents leading to synaptic loss and neuronal malfunction ulti- 
.mately leading to cognitive impairment of the whole organism in 
Alzheimer's disease neurons and under experimental conditions 
(Examples 15 and 16, resp.). Simultaneously, afflicted neurons 
are vulnerable to various forms of stress such as for example 
oxidative stress (Example 4) . 

In a preferred embodiment of the invention, said type IIA group 
of N- and C-terminally doxible trxmcated members comprises the 
amino acid sequences: 

Derivatives from four repeat tau (tau 43) are labeled R4 
SEQ ID NO: 11 (69-333, R4) 

met val ser lys ser lys asp gly thr gly ser asp asp lys lys ala 
lys gly ala asp gly lys thr lys ile ala thr pro arg gly ala ala 
pro pro gly gin lys gly gin ala asn ala. thr arg ile pro ala lys 
thr pro pro ala pro lys thr pro pro ser ser gly glu pro pro lys 
ser gly asp arg ser gly tyr ser ser pro gly ser pro gly thr pro 
gly ser arg ser arg thr pro ser leu pro thr pro pro thr arg glu 
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pro lys 


lys 


val 


ala 


val 


val 


arg 


thr 


pro 


pro 
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ser 


pro 


ser 
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val 
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SEQ ID NO: 12 (93-333, R4) 
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ser 


gly 


glu 


pro 


pro 


lys 


ser 


gly 


asp 


arg 


ser 


gly 


tyr 


ser 


ser pro 


gly 


ser 


pro 


gly 


thr 


pro 


gly 


ser 


arg 


ser 


arg 


thr 


pro 


ser 


leu pro 


thr 


pro 


pro 


thr 


arg 


glu 


pro 


lys 


lys 


val 


ala 


val 


val 


arg 


thr pro 


pro 


lys 


ser 


pro 


ser 


ser 


ala 


lys 


ser 


arg 


leu 


gin 


thr 


ala 


pro val 


pro 


met 


pro 


asp 


leu 


lys 


asn 


val 


lys 


ser 


lys 


ile 


gly 


ser 


thr glu 


asn 


leu 


lys 


his 


gin 


pro 


gly 


gly 


gly 


lys 


val 


gin 


ile 


ile 


asn lys 


lys 


leu 


asp 


leu 


ser 


asn 


val 


gin 


ser 


lys 


cys 


gly 


ser 


lys 


asp asn 


ile 


lys 


his 


val 


pro 


gly 


gly 


gly 


ser 


val 


gin 


ile 


val 


tyr 


lys pro 


val 


asp 


leu 


ser 


lys 


val 


thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly 


asn ile 


his 


his 


lys 


pro 


gly 


gly 


gly 


gin 


val 


glu 


val 


lys 


ser 


glu 


lys leu 


asp 


phe 


lys 


asp 


arg 


val 


gin 


ser 


lys 


ile 


gly 


ser 


leu 


asp 


asn ile 


thr 


his 


val 


pro 


gly 


gly 


gly 


asn 


lys 


lys 


ile 


glu 


thr 


his 


lys leu 


thr 


phe 


arg 


glu 


asn 


ala 


lys 


ala 


lys 


thr 


asp 


his 


gly 


ala 


glu 






























SEQ ID NO: 13 (69-3 63, R4) 




















met val 


ser 


lys 


ser 


lys 


asp 


gly 


thr 


gly 


ser 


asp 


asp 


lys 


lys 


ala 


lys gly ala 


asp 


gly 


lys 


thr 


lys 


ile 


ala 


thr 


pro 


arg 


gly 


ala 


ala 


pro pro 


gly 


gin 


lys 


gly gin 


ala 


asri 


ala 


thr 


arg 


ile 


pro 


ala 


lys 


thr pro 


pro 


ala 


pro 


lys 


thr 


pro 


pro 


ser 


ser 


gly 


glu 


pro 


pro 


lys 


ser gly asp 


arg 


ser 


gly tyr 


ser 


ser 


pro 


gly 


ser 


pro 


gly 


thr 


pro 


gly ser 


arg 


ser 


arg 


thr 


pro 


ser 


leu 


pro 


thr 


pro 


pro 


thr 


arg 


glu 


pro lys 


lys 


val 


ala 


val 


val 


arg 


thr 


pro 


pro 


lys 


ser 


pro 


ser 


ser 


ala lys 


ser 


arg leu gin thr 


ala 


pro 


val 


pro 


met 


pro 


asp 


leu 


lys 
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asn val lys ser lys ile gly ser thr glu asn leu lys his gin pro 
gly gly gly lys val gin ile ile asn lys lys leu asp leu ser asn 
val gin ser lys cys gly ser lys asp asn ile lys his val pro gly 
gly gly ser val gin ile val tyr lys pro val asp leu ser lys val 
thr ser lys cys gly ser leu gly asn ile his. his lys pro gly gly 
gly gin val glu val lys ser glu lys leu asp phe lys' asp arg val 
gin ser lys ile gly ser leu asp asn ile thr his val pro gly gly 
gly asn lys lys ile glu thr his lys leu thr phe arg glu asn ala 
lys ala lys thr asp his gly ala glu ile val tyr lys ser pro val 
val ser gly asp thr ser pro arg his leu ser asn val ser ser thr 
gly ser ile asp met val asp 

SEQ ID NO: 14 (93-363, R4) 

ile ala thr pro arg gly ala ala pro pro gly gin lys gly gin ala 
asn ala thr arg ile pro ala lys thr pro pro ala pro lys thr pro 
pro ser ser gly glu pro pro lys ser gly asp arg ser gly tyr ser 
ser pro gly ser pro gly thr pro gly ser arg ser arg thr pro ser 
leu pro thr pro pro thr arg glu pro lys lys val ala val val arg 
thr pro pro lys ser pro ser ser ala lys ser arg leu gin thr ala 
pro val pro met pro asp leu lys asn val lys ser lys ile gly ser 
thr glu asn leu lys his gin pro gly gly gly lys val gin ile ile 
ash lys lys leu asp leu ser asn val gin ser lys cys gly ser lys 
asp asn ile lys his val pro gly gly gly ^er val gin ile val tyr 
lys pro val asp leu ser lys val thr ser lys cys gly ser leu gly 
asn ile his his lys pro gly gly gly gin val glu val lys ser glu 
lys . leu asp phe lys asp arg val gin ser lys ile gly ser leu asp 
asn ile thr his val pro gly gly gly asn lys lys ile glu thr his 
lys leu thr phe arg glu asn ala lys ala lys thr asp his g;ly ala 
glu ile val tyr lys ser pro val val ser gly asp thr ser pro arg 
his leu ser asn val ser ser thr gly ser ile asp met val asp 

Derived from three repeat tau (tau 44) are labeled R3 

SEQ ID NO: 15 (93-302, R3) 

ile ala thr pro arg gly ala ala pro pro gly gin lys gly gin ala 
asn ala thr arg ile pro ala lys thr pro pro ala pro lys thr pro 
pro ser ser gly glu pro pro lys ser gly asp arg ser gly tyr ser 
ser pro gly ser pro gly thr pro gly ser arg ser arg thr pro ser 
leu pro thr pro pro thr arg glu pro lys lys val ala val val arg 
thr pro pro lys ser pro ser ser ala lys ser arg leu gin thr ala 
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pro val pro met pro asp leu lys 
thr glu asn leu lys his gin pro 
tyr lys pro val asp leu ser lys 
gly asn ile his his lys pro gly 
glu lys leu asp phe lys asp arg 
asp asn ile thr his val pro gly 
his lys leu thr phe arg glu asn 
ala glu 



SEQ ID NO: 16 ( 69-302, R3) 



met val 


ser 


lys 


ser 


lys 


asp 


gly 


lys gly 


ala 


asp 


gly 


lys 


thr 


lys 


pro pro 


gly 


gin 


lys 


gly 


gin 


ala 


thr pro 


pro 


ala 


pro 


lys 


thr 


pro 


ser gly 


asp 


arg 


ser 


gly 


tyr 


ser 


gly ser 


arg 


ser 


arg 


thr 


pro 


ser 


pro lys 


lys 


val 


ala 


val 


val 




ala lys 


ser 


arg 


leu 


gin 


thr 


CL-LCt 


asn val 


lys 


ser 


lys 


ile 


gly 




gly ^giy 


gly 


lys 


val 


gin 


ile 


V Ci^ 


val thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly gly 


gin 


val 


glu 


val 


lys 


ser 


val gin 


ser 


lys 


ile 


gly 


ser 


1^11 

J» V»» \JL 


gly gly 


asn 


lys 


lys 


ile 


glu 


thr 


ala lys 


ala 


lys 


thr 


asp 


his 


gly 


SEQ ID NO: 17 (93-332, R3) 




ile ala 


thr 


pro 


arg 


gly 


ala 


ala 


asn ala 


thr 


arg 


ile 


pro 


ala 


lys 


pro ser 


ser 


gly 


glu 


pro 


pro 


lys 


ser pro 


gly 


ser 


pro 


gly 


thr 


pro 


leu pro 


thr 


pro 


pro 


thr 


arg 


glu 


thr pro 


pro 


lys 


ser 


pro 


ser 


ser 


pro val 


pro 


met 


pro 


asp 


leu 


lys 


thr glu 


asn 


leu 


lys 


his 


gin 


pro 


tyr lys 


pro 


val 


asp 


leu 


ser 


lys 


gly asn 


ile 


his 


his 


lys 


pro 


gly 


glu lys 


leu 


asp 


phe 


lys 


asp 


arg 



asn 


val 


lys 


ser 


lys 


ile 


gly 


ser 


gly 


gly 


gly 


lys 


val 


gin 


ile 


val 


val 


thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly 


gly 


gin 


val 


glu 


val 


lys. 


ser 


val 


gin 


ser 


lys 


ile 


gly 


ser 


leu 


gly 


gly 


asn 


lys 


lys 


ile 


glu 


thr 


ala 


lys 


ala 


lys 


thr 


asp 


his 


gly 


thr 


gly 


ser 


asp 


asp 


lys 


lys 


ala 


ile 


ala 


thr 


pro 


arg 


gly 


ala 


ala 


asn 


ala 


thr 


arg 


ile 


pro 


ala 


lys 


pro 


ser 


ser 


crlv 


glu 


pro 


pro 


lys 


ser 


pro 


crlv 


ser 


pro 

XT'*' ^ 


crlv 

23 


thr 


pro 


leu 


pro 


thr 


pro 


pro 


thr 


ara 


glu 


thr 


"oro 


oro 


Ivs 


ser 


pro 

XT'*' ^ 


ser 


ser 


oro 


val 


pro 


met 


pro 


asp 


leu 


lys 


thr 


qIu 


asn 


leu 


lys 


his 


gin 


pro 


tvr 


Ivs 

-fc- jr 


oro 


val 


asp 


leu 


ser 


lys 


crlv 

23 J: 


asn 


ile 


his 


his 


lys 


pro 


gly 


glu 


lys 


leu 


asp 


phe 


lys 


asp 


arg 


asp 


asn 


ile 


thr 


his 


val 


pro 


gly 


his 


lys 


leu 


thr 


phe 


arg 


glu 


asn 


ala 


glu 














pro 


pro 


gly 


gin 


lys 


gly 


gin 


ala 


thr 


pro 


pro 


ala 


pro 


lys 


thr 


pro 


ser 


gly 


asp 


arg 


ser 


gly 


tyr 


ser 


gly 


ser 


arg 


ser 


arg 


thr 


pro 


ser 


pro 


lys 


lys 


val 


ala 


val 


val 


arg 


ala 


lys 


ser 


arg 


leu. 


gin 


thr 


ala 


asn 


val 


lys 


ser 


lys 


ile 


gly 


ser 


crlv 


qIv 


crlv 

jf 


lys 


val 


gin 


ile 


val 


val 


thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly 


gly 


gin 


val 


glu 


val 


lys 


ser 


val 


gin 


ser 


lys 


ile 


gly 


ser 


leu 
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asp 


asn 


ile 


thr 


his 


val 


pro 


gly 


gly gly 


asn 


lys lys 


ile glu 


thr 


XIX S 


lys 


leu 


thr phe arg glu 


CLoXX 


CIJ.CL xyo 




JLys cnr 


- asp nxs 


gly 


ala 


glu ile val 


tyr lys 


ser 


pro 


val val 


ser 


gly asp 


thr ser 


pro 


arg 


his 


leu 


ser 


asn 


val 


ser 


ser 


thr gly 


ser 


ile asp 


met val 


asp 


SEQ 


ID NO: 18 (69-332, R3) 














met 


val 


ser 


lys 


ser 


lys 


asp 


gly 


thr gly 


ser 


asp asp 


lys lys 


ala 


lys 


gly 


ala 


asp 


gly 


lys 


thr 


lys 


ile ala 


thr 


pro arg gly ala 


ala 


pro 


pro 


gly 


gin 


lys 


gly 


gin 


ala 


asn ala 


thr 


arg ile 


pro ala 


lys 


thr 


pro 


pro 


ala 


pro 


lys 


thr 


pro 


pro ser 


ser 


gly glu pro pro 


lys 


ser 


gly 


asp 


arg 


ser 


gly 


tyr 


ser 


ser pro 


gly 


ser pro gly thr 


pro 


gly 


ser 


arg 


ser 


arg 


thr 


pro 


ser 


leu pro 


thr 


pro pro 


thr arg 


glu 


pro 


lys 


lys 


val 


ala 


val 


val 


arg 


thr pro 


pro 


lys ser 


pro ser 


ser 


ala 


lys 


ser 


arg 


leu 


gin 


thr 


ala 


pro val 


pro 


met pro 


asp leu 


lys 


asn 


val 


lys 


ser 


lys 


ile 


gly 


ser 


thr giu 


asn 


leu lys 


his gin 


pro 


gly 


gly 


gly 


lys 


val 


gin 


ile 


val 


tyr lys 


pro 


val asp 


leu ser 


lys 


val 


thr 


ser 


lys 


cys 


gly 


ser 


leu 


gly asn 


ile 


his his 


lys pro 


gly 


gly 


gly 


gin 


val 


glu 


val 


lys 


ser 


glu lys 


leu 


asp phe 


lys asp 


arg 


val 


gin 


ser 


lys 


ile 


gly 


ser 


leu 


asp asn 


ile 


thr his 


val pro 


gly 


gly 


gly 


asn 


lys 


lys 


ile 


glu 


thr 


his lys 


leu 


thr phe 


arg glu 


asn 


ala 


lys 


ala 


lys 


thr 


asp 


his 


gly 


ala glu 


ile 


val tyr 


lys ser 


pro 


val 


.val 


ser 


gly 


asp 


thr 


ser 


pro 


arg his 


leu 


ser asn 


val ser 


ser 


thr 


gly 


ser 


ile 


asp 


met 


val 


asp 













In a preferred embodiment of the invention, said type II B group 
of N- and C-terminally double truncated members comprises the 
amino acid sequences: 



SEQ ID NO: 19 (6-378, R4) 



gin glu 


phe 


glu 


val 


met 


glu 


asp 


his 


ala 


gly 


thr 


tyr 


gly leu 


gly 


asp arg 


lys 


asp 


gin 


gly gly 


tyr 


thr 


met 


his 


gin 


asp 


gin glu 


gly 


asp thr 


asp 


ala 


gly 


leu 


lys 


ala 


glu 


glu 


ala gly 


ile 


gly asp 


thr 


pro ser 


leu 


glu 


asp 


glu 


ala 


ala 


gly 


his 


val 


thr 


gin 


ala arg 


met 


val ser 


lys 


ser 


lys 


asp 


gly 


thr 


gly 


ser 


asp 


asp 


lys 


lys ala 


lys 


gly ala 


asp 


gly 


lys 


thr 


lys 


ile 


ala 


thr 


pro 


arg 


gly 


ala ala 


pro 


pro gly 


gin 


lys 


gly 


gin 


ala 


asn 


ala 


thr 


arg 


ile 


pro 


ala lys 


thr 


pro pro 


ala 


pro 


lys 


thr 


pro 


pro 


ser 


ser 


gly glu 


pro 


pro lys 


ser 


gly asp 


arg 


ser 


gly 


tyr 


ser 


ser 


pro 


gly 


ser 


pro 


gly 


thr pro 


gly 


ser arg 


ser 


arg 


thr 


pro 


ser 


leu 


pro 


thr 


pro 


pro 


thr 


arg glu 


pro 


lys lys 


val 


ala 


val 


val 


arg 


thr 


pro 


pro 


lys 


ser 


pro 


ser ser 


ala 
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lys ser 


arg 


leu 


gin 


thr 


val lys 


ser 


lys 


ile 


gly 


alv g^lv 


lys 


val 


gin 


ile 


gin ser 


Ivs 


CVS 


qly 


ser 


crlv ser 


vai 


oln 


ile 


val 




rvs 


qIv 


ser 


leu 


grXn val 


qIu 


val 


Ivs 


ser 


ser Ivs 


ile 


qIv 


ser 


leu 


dOAX _i_ jr o 


lys 


ile 


glu 


thr 


ala lys 


thr 


asp 


his 


gly 






fh-r 






ser ile 


asp 


met 


val 


asp 


val ser 


ala 


ser 


leu 




SEQ ID NO: 20 {6-347, R3 


gin glu 


phe 


glu 


val 


met 


asp arg 


lys 


asp 


gin 


gly 


asp thr 


asp 


ala 


gly 


leu 


pro ser 


leu 


glu 


asp 


glu 


val ,ser 


lys 


ser 


lys 


asp 


gly ala 


asp 


gly 


lys 


thr 


pro pro 


gly 


gin 


lys 


gly 


thr pro 


pro 


ala 


pro 


lys 


ser gly 


asp 


arg 


ser 


gly 


gly ser 


arg 


ser 


arg 


thr 


pro lys 


lys 


val 


ala 


val 


ala lys 


ser 


arg 


leu 


gin 


asn val 


lys 


ser 


lys 


ile 


gly gly 


gly 


lys 


val 


gin 


val thr 


ser 


lys 


cys 


gly 


gly gly 


gin 


val 


glu 


val 


val gin 


ser 


lys 


ile 


gly 


gly gly 


asn 


lys 


lys 


ile 


ala lys 


ala 


lys 


thr 


asp 


val val 


ser 


gly 


asp 


thr 


thr gly 


ser 


ile 


asp 


met 


asp glu 


val 


ser 


ala 


ser 













ala pro 


val 


pro 


met 


pro 


ser thr 


glu 


asn 


leu 


lys 


ile asn 


lys 


lys 


leu 


asp 


lys asp 


asn 


ile 


lys 


his 


tyr' lys 


pro 


val 


asp 


leu 


gly asn 


ile 


his 


his 


lys 


glu lys 


leu 


asp 


phe 


lys 


asp asn 


ile 


thr 


his 


val 


his lys 


leu 


thr 


phe 


arg 


ala glu 


ile 


val 


tyr 


lys 


arg his 


leu 


ser 


asn 


val 


ser pro 


gin 


leu 


ala 


thr 


glu asp 


his 


ala 


gly 


thr 


gly tyr 


thr 


met 


his 


gin 


lys ala 


glu 


glu 


ala 


gly 


ala ala 


gly 


his 


val 


thr 


gly thr 


gly 


ser 


asp 


asp 


lys ile 


ala 


thr 


pro 


arg 


gin ala 


asn 


ala 


thr 


arg 


thr pro 


pro 


ser 


ser 


gly 


tyr ser 


ser 


pro 


gly 


ser 


pro ser 


leu 


pro 


thr 


pro 


val arg 


thr 


pro 


pro 


lys 


thr ala 


pro 


val 


pro 


met 


gly ser 


thr 


glu 


asn 


leu 


ile val 


tyr 


lys 


pro 


val 


ser leu 


gly 


asn 


ile 


his 


lys ser 


glu 


lys 


leu 


asp 


ser leu 


asp 


asn 


ile 


thr 


glu thr 


his 


lys 


leu 


thr 


his gly 


ala 


glu 


ile 


val 


ser pro 


arg 


his 


leu 


ser 


val asp 


ser 


pro 


gin 


leu 



leu 
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asp 


leu 


lys 


asn 


his 


gin 


pro 


gly 


leu 


ser 


asn 


val 


val 


pro 


gly 


gly 


ser 


lys 


val 


thr 


pro 


gly 


gly 


gly 


asp 


arg 


val 


gin 


pro 


gly 


gly 


gly 


glu 


asn 


ala 


lys 


ser 


pro 


val 


val 


ser 


ser 


thr 


gly 


leu 


ala 


asp 


glu 


tvr 


crlv 


leu 


crlv 


asp 


gin 


qIu 


crlv 


ile 


crlv 


asp 


thr 


gin 


ala 


arg 


met 


lys 


lys 


ala 


lys 


gly 


ala 


ala 




ile 


pro 


ala 


lys 


crlu 


pro 


pro 


lys 


pro 


gly 


thr 


pro 


pro 


thr 


arg 


glu 


ser 


pro 


ser 


ser 


pro 


asp 


leu 


lys 


lys 


his 


gin 


pro 


asp 


leu 


ser 


lys 


his 


lys 


pro 


gly 


phe 


lys 


asp 


arg 


his 


val 


pro 


gly 




CL±. ^ 


y -L u 


ClOXl 


tyr 


lys 


ser 


pro 


asn 


val 


ser 


ser 


ala 


thr 


leu 


ala 
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in a preferred embodiment of the invention, said type IIA dis- 
eased tau proteins have the following properties: 

a) the proteins are N- and C- terminally truncated (Example 6) 

b) are efficient pathological promoters of microtubule assembly 
(Example 3; Fig. 28C) 

c) their pathological microtubule assembly promoting activity can 
be removed by specific compoundis such as for example inhibit- 
ory monoclonal antibodies or derivatives thereof (Example 12) 

d) the proteins are not present in normal healthy brain (Example 
6) 

e) significantly impair intracellular transport functions 
(Example 16) 

f) their pathologic activity relies on high affinity binding to 
microtubular network and its functional impairment (Example 3) 

g) they appear to be are conf ormationally different from normal 
tau (Example 6) . 

In another preferred embodiment of the invention type IIB mo- 
lecules have the following properties: 

a) the proteins are N- and C- terminally truncated 

b) are less effective in promoting microtubule assembly than type 

. IIA 

c) the proteins are not present in normal healthy brain 

d) are likely to impair microtubule function by binding to it 
however to a lesser extent than observed for type IIA 

e) They appear to be conformational ly different from normal tau. 

In. still another preferred embodiment of the invention the epi- 
topes of type IIA and B molecules were identified in a similar 
way as described for type I molecules. The significance for type 
II molecules of all these epitopes and their relationship to 
function on microtxibules are demonstrated by the mutant forms 
which showed that they are contributing at various extent to the 
activity of N~ and C-terminally double truncated tau molecules 
such as shown in the example of type lA. 

An inhibitor useful in the composition of the present invention 
is therefore any inhibitor capable of modulating the pathologic- 
al interaction of type IIA molecules with microtubules resulting 
in , pathological microtubules'. The term , pathological microtu- 
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bules' as used herein refers to microtiabules modified by type II 
molecules. The mode of action of such an inhibitory molecule 
consists of an interaction with either microtiabules, microttibule 
associated molecules including tau and pathological derivatives 
thereof. As a source of inhibitors can be used libraries of 
small molecules of defined chemical structure and composition, 
peptide libraries, antibody libraries free in the solution or 
displayed on synthetic surfaces, or on phages or bacteria or ri- 
bosomes (ribosomal display) and similar technologies knovm in 
the art. 

In a preferable embodiment these 'inhibitors' may be specific 
for the epitope or epitopes encompassed in type IIA molecules, 
by e.g. blocking the epitope or may be directed to various do- 
mains on type IIA molecules, as long as they prevent or disturb 
its pathological or biological activity in vitro or in vivo. The 
inhibitory effect can be defined quantitatively e.g. by measur- 
ing residual microtxobule assembly promoting activity by normal 
tau or by measuring intracellular microtubule parameters such as 
outgrowth, stability or intracellular transport. 

In another embodiment type IIA molecules can be inhibited or 
neutralized by derivatives thereof for example as dominant neg- 
ative proteins expressed in the respective cell. As described in 
the present invention for screening inhibitory molecules, type 
IIA peptides and derivatives thereof such as peptides containing 
deletions or mutations can be tested or screened for their ef- 
fects on inhibiting the pathological effects of N- and C-termin- 
ally double truncated tau molecules. 

The therapeutic effect is achieved by inhibiting inpairment of 
microtubule structure and functions. 

Accordingly, another object of the invention is to provide phar- 
maceutical compositions containing a specific inhibitor for the 
type IIA tau molecules of the invention, optionally in combina- 
tion with a pharmaceutical ly acceptable carrier and/or diluent. 

In another preferred embodiment the present invention relates 
especially to SEQ ID NO: 11 .as a prototype of type IIA group mo- 
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lecules . 

still another object of the invention is to provide a method for 
the in vitro conversion of nomal microtiibules into a patholo- 
gical state wherein normal tau protein is incubated with type 
IIA or -B of the present invention vmder physiological condi- 
tions which allow the interaction of said type IIA or -B with 
microtubules generating pathological microtubules. 

The invention further relates to a screening assay allowing 
screening any molecule libraries for compounds capable of neut- 
ralising the pathological effects of type IIA molecules . In the 
present test molecules are screened for their property to elim- 
inate and/or neutralize type IIA molecules and to restore 
physiological microtubule parameters and functions caused by 
type li molecules. The drug screening assay consists of the fol- 
lowing steps: 

(1) formation of pathological microtubules in the presence of 
type IIA molecules and tubulin under appropriate conditions 
(Examples 3 and 4, resp.). 

(2) incubation of these pathological microtubules with the can- 
didate drug to be tested 

(3) examination of the result with respect to neutralising the 
effect of type IIA molecules on microtubules. (Examples 9 and 
12 , resp • ) . 

An in vitro screening system for inhibitors may be established 
which alleviates its effect on microtubules caused by patholo- 
gical, N- and C- terminally double truncated tau type IIA. These 
•inhibitors' may be specific for the epitope or epitopes encom- 
passed in type IIA molecules, by e.g. blocking the epitope or 
may be directed to various domains on type IIA molecules, as 
long as they prevent or disturb its activity. The inhibitory ef- 
fect can be quantified by measuring microtubule assembly dynam- 
ics. As a source of inhibitors can be used libraries of small 
molecules of defined chemical structure and composition, peptide 
libraries, antibody libraries free in the solution or displayed 
on the surface of synthetic surfaces of phages or bacteria or 
ribosomes (ribosomal display) and similar technologies known in 
the art. 
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For the object of the present invention it is sufficient that 
the drug to be tested is effective in reducing the amoxint of 
type IIA molecules and/or their activity, thus fulfilling a sup- 
plementary therapeutic effect, although a total .;removal of the 
type IIA activity is preferred. 

The person skilled in the art knows how to employ the method of 
the present invention for a variety of different purposes which 
all fall \mder the scope of protection of the present invention. 

A further object of the invention is to provide a method for the 
validation of drugs in living cells i.e. neurons or neurone like 
cells expressing type II molecules (type II Cellular assay) . Al- 
ternatively primary neuronal culture derived from transgenic an- 
imals or other primary neuronal cells derived from various 
sources expressing type IIA molecules can be used. 

The term "neurons expressing type II molecules" as used above, 
refers to cells which stably express the molecules or which have 
the capacity to express type IIA molecules and into which a 
fiinctional type IIA gene has been introduced either by cell cul- 
ture techniques or via transgenesis as exemplified below. 

In a preferred embodiment said cell expressing type IIA mo- 
lecules is a neuroblastoma, or pheochromocytoma cell or a 
primary culture of nerve cells derived from transgenic animal 
expressing type IIA molecules. 

The person skilled in the art is aware of the fact that the se- 
quence of the introduction of the genes encoding the type IIA 
molecules is irrelevant for the purpose of the method of the in- 
vention. 

The present invention relates to a method for testing drugs ef- 
fective in inhibiting type IIA in promoting abnormal microtubule 
formation and ftinction in a cellular system expressing type IIA 
molecules comprising the following steps: 

a) introducing a functional gene encoding type II molecules Tinder 
the control of suitable regulatory regions into a cell ex- 
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pressing normal tau protein 

b) allowing the formation of complexes between type IIA tau and 
microtubules (pathological microtubules) 

c) applying the drug to be tested to the cells harboring the res- 
ulting complexes 

d) examining the effect of said drug on type IIA biological 
activity such as modifications of the microtubule network and 
its associated functions. 

In still another most preferable embodiment of the present in- 
vention is the phenotype of neurons expressing type IIA mo- 
lecules . Neurons expressing these molecules under appropriate 
conditions causes the perturbance of intracellular transport 
processes- Furthermore neurons expressing type IIA molecules un- 
dergo cell death under appropriate stress conditions (Example 
4)- 

Said method is particularly advantageous, since the system in- 
volved which is based on the use of continuously growing cell 
lines which provide a close image of the in vivo situation 
provide an ait^le supply of type IIA molecules located intracel- 
lularly is generated allowing drug screening for compounds ef- 
fective in alleviation of intracellular type IIA effects. 

In a preferred embodiment the readout of this cellular assay is 
adapted for low- or high throughput quantification systems. The 
term "appropriate conditions" in connection with, mentioned phen- 
otypes leading to disruption or impairment of microtubular 
transport and/ or to neuronal death refers to any condition which 
allows appearance of said phenotypes as shown in the exaitple. 

For the object of the present invention it is sufficient that 
the potential drug either screened by this system, or validated 
in the system or drug of the third origin, is effective in the 
reduction of the scale of the phenotypes, thus fulfilling a sup- 
plementary function in therapy, although a total elimination or 
reduction of the diseased phenotypes by the drug is preferred. 

In addition to stably growing cell lines or primary cells, the 
respective invention can also be extended to an analogous 
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readout system using cells derived from whole animals which ex- 
press type IIA or -B molecules in their neurons (The transgenic 
animal model will be exenplif ied below) . 

The person skilled in the art Imows how to employ the method of 
the present invention for a variety of different purposes which 
all fall under the scope of protection of the present invention. 

In a preferred embodiment said cells and transgenic animals 
stably expressing N- and C-terminally double truncated type IIA 
tau forms allow mapping of disease pathways yielding precious 
information leading to new molecules relevant to pathogenesis of 
Alzheimer's disease, its diagnosis and treatment. These screen- 
ing and identification procedures include mRNA expression based 
screening technologies as well as protein based technologies. 

In a. preferred embodiment said type I and type IIA and -B mo- 
lecules or derivatives thereof provide also a recombinant DNA 
construct which can be introduced into the genome of non-human 
animals for the purpose of providing a transgenic animal model 
carrying and expressing the pathogenic N- and C-terminally 
double truncated forms of type lA, type IIA and -B described 
above. Transgenic animals according to the invention include an- 
imals into which the construct has been introduced directly as 
well as progeny of such animals which retain the ability to ex- 
press the construct. The transgene sequence is a polynucleotide 
sequence functionally linked to a ubiquitously expressed or oth- 
erwise to a tissue specific promoter. The transgene DNA encoding 
type lA and type IIA and -B molecules is preferentially cDNA 
and/ or genomic DNA derived from either animal or human sources. 
Transgenic animals expressing said type I and type IIA and -B 
molecules are expected to develop functional changes at the cel- 
lular and/or the organ level which are phenotypically related to 
Alzheimer's disease. These include histological changes, RNA ex- 
pression changes, changes of cellular physiological parameters 
and preferably behavioural changes characteristic of AD. In ma- 
ture neurons of transgenic animals the expression of Type I type 
and IIA and -B molecules has not previously been tested. 
It is to expect that the level at which type I, type IIA and -B 
transgenes are expressed in the transgenic animal (i.e. the 
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level of transgene mKMA) , is an important parameter ' for obtain- 
ing consistent pathophysiological defects in the transgenic an- 
imal. By breeding and intercrossing animals carrying the trans- 
genes, the pathological features can be enhanced, attenuated or 
otherwise modulated such as e.g. by introducing the transgene 
into animal strains currently serving as disease models, animals 
expressing other transgenes or animals lacking functional ex- 
pression of genes (see Example 14) . 

More particularly the present invention provides a transgenic 
non-human animal cell, wherein DNA encoding a human type I and 
type IIA and -B molecule is expressed under the transcriptional 
control of suitable ubiquitous or otherwise tissue specific pro- 
moters including regulable modifications thereof. 

Cells manipulated according to the invention may be prepared by 
any known transfection technique. The DNA sequence may be intro- 
duced by direct genetic manipulation or into an earlier genera- 
tion of the cell. Thus, the cells may be obtained from transgen- 
ic animals and cultured in vitro. Also the transgenic animals 
may be generated according to well established methods, such as 
manipulation of embryos, e.g. by gene transfer into embryonic 
stem cells, retroviral infection of early embryos or pronuclear 
microinjection. The pronuclear microinjection technique is pre- 
ferred. Transcription units obtained from a recombinant DNA con- 
stonict of the invention are injected into pronuclei of animal 
embryos and the obtained foxmder transgenics are bred. 
The results obtained in the offspring can be analysed using 
various techniques well known in the art. Models based on cells 
and animals of the invention may be used for example to identify 
and assess the efficacy of potential therapeutic agents in 
neurodegenerative diseases where tau and N- and C-terminally 
double truncated tau derived molecules but also other molecules 
related to Alzheimer's disease such as APP and derivatives 
thereof can be analysed. In particular such models may be used 
in screening or characterisation assays for detecting agents 
likely to prevent the pathogenic effects of N- and C-terminally 
double truncated tau derived molecules described here. 

Accordingly in a further aspect the invention comprises a method 
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for testing a potential therapeutic agent for a specified condi- 
tion, in particular a neurodegenerative disease, preferably Mi, 
wherein a cell derived from a transgenic animal expressing the 
said double truncated forms of tau is used as target cell. More 
particularly it comprises such a method, wherein the therapeutic 
agent such as e.g. antibodies or their derivatives is admin- 
istered to a transgenic animal of the invention or introduced by 
crossbreeding or genetic manipulation and further tested by as- 
say systems presented above. Moreover the invention comprises a 
screening or characterisation assay consisting in or including 
such a method, as well as a screening assay kit comprising cells 
of the invention. Methods for screening potential therapeutic 
agents using cell lines expressing type I and type IIA and -B 
molecules of the present invention are given in the present in- 
vention {see Example 15) . The cells and animals of the present 
invention may be used in analogous manner. 

Another object of the invention is to provide pharmaceutical 
coii^)ositions containing a specific inhibitor for N- and C-ter- 
minally double tr\mcated forms of tau proteins optionally in 
combination with pharmaceutically acceptable carrier and/or 
diluent. 

The term 'specific inhibitor for the N- and C-terminally double 
tmncated tau' refers to substances which specifically inhibit 
the actions of said double truncated tau proteins. The nature of 
an inhibitor can be an antibody, an engineered, derived molecule 
thereof, any peptide or defined chemical con5)Osition exhibiting 
the desired inhibitory activity in the test systems of the 
present invention. 

Another object of the invention is an antibody or derivative 
thereof which specifically recognises an epitope of the inven- 
tion and is able to partially or completely inhibit the patholo- 
gical activities of N- and C-terminally double truncated tau mo- 
lecules . 

The term 'oligo- or polypeptide comprising an epitope, or epi- 
topes of the invention* refers to peptides which in their two- 
or three-dimensional structure reconstitute the epitope of the 
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invention which is specifically recognized by an antibody direc- 
ted thereto. Moreover, said oligo- or polypeptides may solely 
consist of the amino acids representing said epitope (s) or they 
may comprise additional amino acids. The construction of such 
oligo- or polypeptides is well known in the art. 

In a preferred embodiment the present invention relates to mono- 
clonal antibodies and derivatives thereof either native or re- 
combinant, immobilised, free in solution or displayed on the 
surface of various molecules or bacteria, viruses, or other sur- 
faces. The antibodies and their derivatives are able to par- 
tially or completely inhibit the biologic activities of N- and 
C-terminally double truncated tau molecules. Such a specific an- 
tibody activity has been shown using the monoclonal antibody 
DC44 raised against said double truncated tau molecules isolated 
from Alzheimer diseased brain tissue (Examples 10 and 11, 
r esp . ) . 

Said antibody (-ies) has many other varieuits (DC82, DC136, etc.) 
and may be a serum derived or a monoclonal antibody or any de- 
rivative thereof. The production of both monoclonal and poly- 
clonal antibodies to a desired epitope is well known in the art 
(43) . Furthermore, said antibody may be a natural or an antibody 
derived by genetic engineering, such as a chimeric antibody de- 
rived by techniques which are well understood in the art. 
Moreover, said antibody also refers to a fragment of an antibody 
which has retained its capacity to bind the specific epitope, 
such as a Fab fragment or single chain Fv minibody, or intracel- 
lularly expressed single chain antibodies called intrabodies. 

In a most preferred embodiment the present invention relates to 
a pharmaceutical composition for use in the treatment of 
Alzheimer's disease. 

Again, said pharmaceutical composition may be administered to a 
patient in need thereof by route and in dosage which is deemed 
appropriate by the physician handling the case. 

In another preferred embodiment of the present invention, said 
pharmaceutical composition contains as the specific inhibitor at 
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least one monoclonal antibody or small molecule or derivative 
thereof binding any part or group of epitopes listed above lead- 
ing to their alteration and/or neutralisation, partial or com- 
plete thereof (see Examples 10, 11 and 12, resp.). 

Another object of the invention is to provide diagnostic compos- 
itions for the detection and/ or monitoring of Alzheimer's dis- 
ease comprising a) an epitope (s) of the invention; b) an anti- 
body of the invention, or a derived molecule thereof. 

The diagnostic composition of the invention may comprise for ex- 
ample an antibody of the invention which specifically recognizes 
one member of type lA or type II group molecule or its 
epitope (s) or an enhanced level of type lA or type IIA molecules 
in a sample to be tested- In another embodiment, said diagnostic 
coniposition may comprise an antibody of the invention directed 
to one of the epitopes of the invention. Thus an Alzheimer dis- 
ease state correlating sample may be detected by treating said 
sample with an antibody recognising the epitope of the inven- 
tion. The antibody- epitope (hapten) complex may be visualized 
using a second antibody directed to the antibody of the inven- 
tion and being labelled according to methods known in the art 
(43). 

In still another embodiment of the present invention, said dia- 
gnostic composition may consist of an epitope of the invention 
and an antibody of the invention. Treatment of a sample with 
said antibody may give rise to conclusions with regard to the 
disease state of the corresponding patent, if the binding of 
said antibody to said sample is brought in relation to binding 
of said antibody to said. epitope of the invention used as a ref- 
erence sample. 

In still another embodiment, the diagnostic composition may com- 
prise type lA or type IIA molecules and an antibody of the in- 
vention. Activity of both types of molecules may be monitored 
with respect to normal tau neutralising capacity of the sample, 
compared to the recombinant type lA molecule (e.g. SEQ ID N0:1) 
and IIA molecules (SEQ. ID NO: 11-18) of the invention. From the 
quantified aberrant activity of type I molecule, the level of 
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the molecules contained in said sample and therefore the disease 
state of the patient may be deduced. The type lA activity may 
e.g. be deduced by measuring the residual activity of normal tau 
left unreacted with type I molecules. Type II activity may be 
deduced by measuring further activity of type II molecules in a 
microtubule-assembly assay. 

The person skilled in the art is in the position to design other 
test systems which combine any of the above objects of the in- 
vention. It is to be \inderstood that all conceivable combina- 
tions fall within the scope of protection of the present inven- 
tion. 

Another object of the invention is to provide a method for the 
in vitro diagnosis and/ or monitoring of Alzheimer's disease com- 
prising assaying cerebrospinal fluid isolates of a patient, car- 
rying out a biopsy of nerve tissue for the presence of N- and C- 
teminally double truncated tau molecules of type lA and type 
IIA molecule or its epitope (s) and for the level of their normal 
tau inhibitory activity. 

The 'cerebrospinal fluid isolate of a patient' is obtained by 
standard medical procedures. 

In a further embodiment the invention relates to type I and type 
II molecules that are identical or homologous to the said amino 
acid sequence of type lA and type IIA, respectively molecules 
and iiamunogenic fragments derived thereof capable of inducing an 
immune response in animals. In accordance with the present in- 
vention, it was found that both type I and type II molecules can 
be used (a) as immunogens for production of inhibitory antibod- 
ies and as central part of vaccines used for immunisation 
against the disease. 

Upon parenteral application, all sequences and epitopes listed 
above and type I and II isolated from diseased brain tissue are 
immunogenic and lead to the production' of antibodies specific- 
ally directed against said type I and II proteins and derivat- 
ives thereof (Examples 10 and 13, resp.). 
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In a most preferred embodiment type I and II molecules or deriv- 
atives thereof are capable of inducing an immune response direc- 
ted against the primary, secondary and/or the ternary structure 
of said molecules. In the host, the resulting immune response is 
therefore capable of distinguishing between healthy and diseased 
forms of tau and its derivatives. This characteristic of the in- 
vention can be used as vaccine emphasising on the unique quality 
of these N- and C-terminally double trxmcated tau forms in indu- 
cing a disease-specific immune response. 

It is understood that, for the pathogenic N- and C- terminally 
double truncated tau polypeptides embraced herein, natural vari- 
ations are existing amongst individual cases of Alzheimer's dis- 
eases. These variations may exist in (an) amino acid 
difference (s) in the overall sequence or by deletions, substitu- 
tions, insertions, inversions or additions of (an) amino acid(s) 
in said sequence. Such amino acid substitutions of the exemplary 
embodiments of this invention are within the scope of the inven- 
tion. Thus, natural variations not essentially influencing the 
immunogenicity of the polypeptide, are considered immunologic- 
ally equivalent variants of the said double truncated forms of 
tau polypeptides according to the invention. 

When a type lA and IIA N- and C-terminally double trxmcated tau 
polypeptide is used for e.g. vaccination purposes or for raising 
antibodies, it is however not necessary to use the whole poly- 
peptide described in the present invention. It is also possible 
to use a fragment of these polypeptides that are capable of in- 
ducing an immune response against that entire polypeptide, a so- 
called immunogenic fragment. 

Theirefore, this embodiment of the invention not only relates to 
polypeptides according to the invention, but also to derived 
fragments of those polypeptides that are still capable of indu- 
cing an immune response against the polypeptides (so-called im- 
munogenic fragments) • 

For the purpose of giving an example, the immunogenicity in an- 
imals of either a recombinant type lA and IIA peptide or a frac- 
tion of type lA and IIA N- and C-terminally double truncated 
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diseased tau derived from a diseased human Alzheimer brain is 
given (Example 3) 

The invention is further described by the following examples and 
the drawing figures, yet without being restricted thereto. 

Figure 1: Microtubule assembly with N- and C- terminally double 
truncated tau type lA and type IB molecules. 

Figure 2: Inhibition of microtubule assembly by N- and C-termin- 
ally double trxuicated tau type lA and type IB molecules. 

Figure 3: Activity of N- and C-terminally double truncated tau 
type IIA and IIB molecules in microtubule assembly. 

Figure 4: Type IIA N- and C- terminally double truncated tau ex- 
pressed in neuronal cells significantly increases their sensit- 
ivity to oxidative stress. 

Figure 5: Affinity of monoclonal antibody to diseased tau type 
lA protein and its deletion mutants. Apparent affinity of mono- 
clonal antibody to diseased tau type lA protein and its deletion 
mutants. In the first column are listed: the 'prototype' tau 
type lA protein (SEQ ID NO 1) and respective deletion mutants. 
In the middle column are indicated epitopes of the present in- 
vention. Apparent affinities stated in the last coliomn were 
measured by competitive ELISA, and shown as the concentrations 
of corresponding antigen needed for 50% competition with the 
prototype tau type lA protein. 

Figure 6: Fractionation of tau proteins from AD~brain on Super- 
dex 200-coliamn 

Figure 7: Type lA inhibitory activity in fraction No. 19 from 
three separate isolations from AD brains. 

Figure 8: Demonstration of N- and c-teimiinally double truncated 
tau type I molecules in AD brain. 



Figure 9: Presence of tau type I in AD brain but not in healthy 
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brain. 

Figure 10: Immunoreactivity of N- and C- terminally double trun- 
cated tau type II molecules- 

Figure 11: Construction of recombinant tau type I-II (SEQ ID 1- 
24) . 

Figure 12: Inhibitory effect of AD-brain derived and recombinant 
tau type I A on normal healthy tau. 

Figure 13: First round screening for drug candidates neutraliz- 
ing tau type lA molecules (step 1) . 

Figure 14: Second round screening for drug candidates neutraliz- 
ing type lA molecules with selectivity against normal tau (step 
2) . 

Figure 15: First round screening for drug candidates neutraliz- 
ing tau type II A. 

Figure 16: Second round screening for dacug candidates capable to 
neutralize tau type IIA molecules and discriminate them from 
normal tau (step 2) . 

Figure 17 : Specific antibody levels in prefused mice sera de- 
termined by ELISA. 

Figure 18: ELISA reactivity of monoclonal antibodies with AD- 
brain derived tau (fraction #19) and control healthy brain-de- 
rived tau (DC 20: monoclonal antibody with irrelevant spe- 
cificity. Shown data represent mean values from three parallel 
experiments) . 

Figure 19: ELISA reactivity of monoclonal antibodies with recom- 
binant tau molecules (DC 20: monoclonal antibody with irrelevant 
specificity. Shown data represent mean values from three paral- 
lels) . 

Figure 20: Screening for neutralizing antibodies directed 
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against AD-brain derived tau type lA (fraction #19). 

Figure 21: Screening for neutralizing antibodies directed 
against recombinant tau type lA (SEQ ID N0:1) . 

Figure 22: Screening for drug candidates capable of neutralizing 
tau type lA molecules and of discriminating them from healthy 
tau. 

Figure 23: Neutralisation of pathological activity of recombin- 
ant tau type IIA (SEQ ID NO. 12) by monoclonal antibodies. 

Figure 24: Levels of antibodies against recombinant tau type IIA 
(SEQ ID N0.:12) detected by ELISA. 

Figure 25: Genotyping of transgenic animals. Panel A shows geno- 
typing of the parental generation of transgenic animals. Specif- 
ic amplification of double truncated sequence of DNA from genom- 
ic DNA in lanes 1, 2, 3 and 4 indicates the presence of a spe- 
cific transgene in genomic DNA extracted from tails of the pro- 
geny of foster mothers. These animals represent the parental 
generation of transgenic animals bearing double truncated type 
IIA tau molecules. In this example, positive (+C) and negative 
(-C) and two additional negative samples (5, 6) are shown 
(M=size marker) • The arrow indicates the e^^pected PGR product 
size expected in transgene positive animals . 

Panel B. Genotyping of animals from Fl generation. Genomic DNA 
was extracted from tail tips and double truncated tau specific 
DNA sequence was identified and are shown in lanes 1. Lane 2 and 
3 show negative controls. Identification of a tau specific DNA 
fragment in the Fl generation confirms the inheritability of 
these transgenes. 

Figure 26: Gene expression of doiible truncated human tau tran- 
scripts in the Fl generation of transgenic animals. RNA was ex- 
tracted from flash frozen tissue of transgenic animals and sub- 
jected to reverse transcription followed by specific amplifica- 
tion of the cDNA. An example shows transgene expressing animals 
in lanes number 1 and 2. Lanes 3-5 represent non- expressing con- 
trols while lane 5 shows a non-specific signal typically emer- 
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ging in non- transgenic animal when using this method. This ex- 
ample indicates the presence of double truncated tau specific 
mRNA expressed from the transgene in experimental animals. 

Figure 27: Cell death caused by type IIA molecule overexpression 
after 6 day in vitro differentiation. Comparison of the cell vi- 
ability of SY5Y cells transfected with double trxmcated tau type 
IIA (type IIA) and non- trans fee ted control neuron-like cells 
(mock) , respectively. 

Figuxe 28: A: Increased binding affinity of type IIA molecules 
to microtubules is showed by using cellular fractionation of tau 
from stably transfected cells expressing type IIA double trun- 
cated molecules and full-length tau. Isolation of free tau (FT), 
microtubule bound tau (MT) and nucleus associated tau (NAT) was 
performed as described. B: Inhibition of tau type lA and IIA, 
microbutule polymerisation assay, respectively, by organic com- 
pound F123; C: Direct comparison between absorption measurement 
and microtubule polymerisation shown by electromicroscopic ana- 
lysis . 

Figure 29: Logarithmically growing SH-SY5Y cells stained with 
MitoFluor. Regular distribution of mitochoi3.dria in cell bodies 
and processes. 

Figure 30: Logarithmically growing tau tpe IIA molecule express- 
ing SH-SY5Y cells stained with MitoFluor. Perinuclear clustering 
of green-labelled mitochondria around the centrosome area of the 
cell . 

EXAMPLES : 

Example 1: Microtubule assembly with N- and C-terminally double 
truncated tau type lA and type IB molecules. 

The physiological function of healthy tau consists in stabiliz- 
ing microtubules (MTs) . This function can be measured by a mi- 
crotubule assembly assay (MAA) . In this examples, the MAA reac- 
tions were carried out using three, types of tau mol.ecules: nor- 
mal healthy human tau, recombinant forms of tau type lA (SEQ ID 



wo 2004/007547 



~ 49 - 



PCT/EP2003/007389 



NO: 1) and tau type IB (SEQ ID. NO: 4). Normal human tau, tau 
type lA and type IB were, assayed individually in separate reac- 
tions. Single preparations of tau at 0.1 mg/ml were mixed with 
purified porcine brain tubulin at a final concentration of 
Img/ml and ImM GTP, all materials in polymerisation buffer 
(lOOmM PIPES, pH 6.9, ImM MgS04, 2mM EGTA) - Tau was added last to 
initiate the promotion of MT assembly. After gentle and rapid 
mixing, the samples were pipetted into quartz microcuvettes and 
equilibrated at 37 in a thermostatically controlled spectro- 
photometer (Beckman Coulter DU640) . The turbidity was continu- 
ously monitored at 340 nm in 10 s inteirvals for a period of 20 
min. The top curve 1 (Fig.l) shows microtixbule assembly promo- 
tion capacity of normal healthy tau. In contrast, neither type 
lA (curve 2) lior type IB (curve 3) exhibited this activity of 
normal tau and lacked any MT assembly promotion in MAA. 

Example 2: Inhibition of microtubule assembly by N- and C-ter- 
minally double truncated tau type lA and type IB molecules. 

Both tau type lA and IB molecules lack functional activity when 
applied in a the MT assembly assay (MAA) . Surprisingly, tau type 
lA molecules show an inhibitory effect on tubulin in microtubule 
assembly. In contrast, type IB proteins (despite similar primary 
structure) do not inhibit functional activity of tiobulin in MAA. 
For inhibition of microtixbule assembly, recombinant forms of tau 
type lA (SEQ ID N0:1) and type IB (SEQ ID N0:4) were used. The 
assembly- inhibition reactions were carried out separately using 
type lA and type IB proteins. Human tubulin (2 mg/ml) was mixed 
with either tyjpe lA molecules (0.2 mg/ml) or type IB molecules 
(0.2 mg/ml). The mixtures were incubated Ihr at 37^C with gently 
shaking. To the mixtures kept on ice normal human tau (O.lmg/ml) 
and GTP (final concentration of txibulin in the mixture is Img/ml 
and GTP ImM) were added in polymerization buffer (lOOiriM PIPES, 
pH 6.9, ImM MgS04, 2mM EGTA). After gentle and rapid mixing, the 
samples were pipetted into quartz microcuvettes and equilibrated 
at 37 °C in a thermostatically controlled spectrophotometer 
(Beckman Coulter DU640) . The turbidity changes were measured at 
340 nm in 10 sec intervals over a period of 5 min. The top curve 
1 (Figure 2) demonstrates that normal human tau alone was fully 
capable to induce tubulin polymerisation. Preincubation of tu- 
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bulin with type lA abolished microtubule assembly (Figure 2, 
bottom curve 2) . On the contrary, incubation of tubulin with 
type IB does not inhibit the microtubule assembly capacity of 
normal tau (Figure 2, curve 3), despite having molecular mass in 
the same range than type lA. 
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Example 3: Activity of N- axA C-termixially double truncated tau 
-type IIA and IIB molecules in xaicrotubule assCTibly. 

As opposed to the group lA molecules, type IIA double truncated 
tau derivatives were surprisingly found to promote pathological 
microtxibule assembly (see Fig. 3 and Fig,28C). The microttibule 
assembly reactions were carried out using three types of mo- 
lecules: natural healthy human tau isoforms, Alz. tau type IIA 
(SEQ ID NO: 12) and tau type IIB (SEQ ID NO: 19). Three separate 
reactions were performed, each with single preparation of re- 
spective tau (healthy tau, recombinant tau type IIA or type 
IIB). Individual tau preparations at 0.1 mg/ml were mixed with 
tubulin and GTP ( final concentration of tubulin is Img/ml and 
GTP ImM) , all reagencies in polymerisation buffer (lOOmM PIPES, 
pH 6.9, ImM MgS04, 2mM EGTA) , After gentle and rapid mixing, the 
samples were pipetted into quartz microcuvettes and equilibrated 
at 37 °C in a thermostatically controlled spectrophotometer 
(Beckman Coulter DU640 ) . The turbidity changes were measured at 
340 nm in 10 s intervals for a period of 5 min. In this experi- 
ment, recombinant tau type IIA exhibited extremely high 
(threefold) promotion of pathological microtubule assembly 
(Figure 3, top curve 1) as compared to physiological microtxibule 
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assembly by healthy tau (Figure 3, curve 2) . In contrast, type 
IIB molecules despite being N- and C- terminally double truncated 
are not able to perform in MAA as type IIA and promote microtu- 
bule assembly only to the level seen with healthy tau (Figure 3, 
curve 3) . 

Example 4: Disturbed stress protection mechanisms due to dis- 
eased tau type II protein could be demonstrated in vitro on 
neuroblastoma cells ea^ressing said molecules eaq?osed to various 
kinds o£ oxidative stress. 

In the present example, the oxidative decomposition of 3-mor- 
pholinosydnonimine (SIN-1) was used which generates superoxide 
anions and nitric oxide, which react and thereby form peroxyni- 
trite. This very reactive radical can further oxidize mainly 
cellular membrane systems. Persons skilled in art will be able 
to also apply another sources of oxidative stress to neioro- 
blastoma cells in cult\are and will be able to obtain the same 
effect here described by the use on SIN-1. 

The effect of vulnerability was tested as follows: 

1. SIN-1 was applied at various concentrations (0-3.32 mM) to hu- 
man neuronal cell lines expressing tau type IIA protein SEQ ID 
NO 15 and SEQ ID NO 11, respectively. 

2. The cell viability was measured by 3- (4,5-dimethylthiazol-2- 
yl) -2, 5-diphenyltetrazolium bromide (MTT) reduction assay to 
determine the effective concentration of hydrogen peroxide for 
50 % cell viability (EC50) . Persons skilled in the art are 
aware of different ways for evaluating the cell viability for 
measuring the effect that is described in the present inven- 
tion. 

3 .The EC50 values were compared for neuroblastoma cell lines in 
the presence or absence of diseased tau type IIA protein ex- 
pression and the statistical significance of EC50 value dif- 
ferences was assessed by t-test. 

The cells were grown in MEM/F12 with 10% FCS, 2mM L-Glutamine, 
1% NEAA, 50U/L gentamicine. 3-morpholinosydnonimine (SIN-1) was 
diluted from 1 M stock solution in serimi-free medium (e.g., 47.5 
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mg into 230 ml). MTT stock solution (2.6 mg/ml) was prepared in 
MEM/F12 w/o serum and sterilized by filtration. 

The cells were cultivated by the methods that are well known in 
the art. 96 well plates were seeded with 2x10^ cells/well. One 
half of the plate was seeded with cells expressing tau type II 
molecules and the other half of the plate was seeded with non- 
expressing cells. The medium was changed every 36-48 hours. 
After five day, SIN-1 was added in concentrations ranging from 0 
to 3.3 mM and the plates were incxibated for 24 hours. Each con- 
centration was assayed in hexaplicate. After SIN-1 incubation, 
MTT stock solution was added to final concentration 200 mg/ml 
and the plates were incubated for another 1 hour. The medixim was 
discarded; the surface of the plate was dried up by paper wool. 
50 ml of DMSO per well were added and the plates were incubated 
overnight at room temperature. The absorbance at 540 nm with 
backgroxmd correction at 690 inn was measxired on ELISA reader and 
: the backgroTxnd-subtracted values were used for EC50 calculation, 
as it is well known in the art. 

The significance of differences in log EC50 concentration 
between neuroblastoma cells expressing type IIA protein and non- 
expressing said protein was tested using the t-test, the P value 
was for both type IIA diseased tau protein P< 0.001. 
Expression of tau protein SEQ ID NO: 12 and SEQ ID NO: 18 de- 
creased the resistance of neuroblastoma cells to oxidative 
stress by 50%. 

The results of stated example (Fig, 4) contributes to an explan- 
ation of the pathogenic effect of diseased foona of tau protein. 

The person skilled in the art is in the position to design other 
test systems that combine any of the above objects of the inven- 
tion. It is to be understood that all conceivable combinations 
fall within the scope of protection of the present invention. 

The chart according to Fig. 4 represents the decrease in relat- 
ive resistance to oxidative stress of neuronal cells in the 
presence of tau type IIA. Resistance of cells non-harboring the 
said protein (control) is expressed as 100% (left bar) and res- 
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istance of neuronal cells expressing the diseased tau protein 
are shown as % of the control value (middle and right bar) . Res- 
istance is defined as the concentration of free radicals gener- 
ated by SIN-1 in culture medium, where 50% of the cells die. The 
results represent measurement of double truncated tau proteins 
type IIA SEQ ID NO: 12 (93-333, R4) and SEQ ID NO: 18 (69-332, 
R3 ) , respectively . 

Example 5: Contribution of individual epitopes to the conforma- 
tion of double truncated tau type lA. 

The significance of the • conformational region' in tau type lA 
(segment A) or its parts was determined by sequential deletion 
either of whole conformation region (segment A) or its individu- 
al parts called epitopes and designated A1-A6. Since the con- 
formation of type lA molecules strongly correlates with their 
function, the contribution of each epitope (A1-A6) to the over- 
all conformation of the 'segment A' was measiired on the basis of 
its reactivity when using a tau monoclonal antibody (Fig. 5) . 

The prototype tau type lA (SEQ ID N0:1) has an affinity of 10 
nM. Individual deletion mutants SEQ ID NO: 22, 23, 26, with de- 
leted epitopes Al, A2 and A5, respectively, showed that the con- 
tribution of these regions is reflected in 2-4-fold decrease in 
affinity (20-40 nM) whereas the deletion of epitopes A3, A4, A6 
in SEQ ID NO. 24, 25 and 27, respectively, contributed to great- 
er, 10-30-fold loss of affinity (100-300 nM) . Only after dele- 
tion of the entire segment A (mutant SEQ ID NO: 21), the affin- 
ity is dramatically decreased by three orders of magnitude of 
the affinity of prototype tau type lA. 

ExaiQple 6: Isolation of N- and C-terminally double truncated tau 
type I and t3^e II. 

Preparation of Alzheimer's brain derived tau type I and type II 
molecules: Diseased human brain tissue from neuropathologically 
confirmed cases of Alzheimer's disease were used as a source for 
isolation of double tr\Hicated tau lA, -B and IIA proteins. Pre- 
paration of tau from Alzheimer brain is based on the combination 
of homogenization of tissue in TRIS buffer and fractionation of 
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lysates by saturated ammoniiJin sulfate precipitation. The tissue 
was homogenized in cold 20 mM TRIS pH 8, 0.32 mM sucrose, 10 mM 
b-merkaptoethanol , 5 mM EGTA, 10 mM EDTA, 5 mM MgS04, 1 mM 
phenylmethylsulfonyl fluoride, 50 mM sodium fluoride, 5 mM benz- 
amidine, 5 pg/ml leupeptin, 1.5 ug/inl pepstatin, 2 iig/ml 
aprotinin with Heidolph DIAX 900 homogenizer for 10 min at 4^C. 
The homogenate was spun at 27 OOOg for 30 min at 4°C to remove 
cellular debris . Tau proteins were precipitated from brain tis- 
sue supernatant by adding 44.12 % (v/v) of saturated ammonium 
sulfate. After incvibation for 20 min at 25°C and gently mixing, 
the sample was centrifuged at 20 OOOg for 10 min at 25°C. Pellet 
was resuspended in 500 lal of 100 mM PIPES pH 6.9, 2 iriM EGTA, ImM 
MgS04 and dialysed against the same buffer. This preparation was 
fractionated by gel filtration on a Superdex 200-column 
(Amersham-Pharmacia-Biotech) and the fractions were resolved by 
SDS-PAGE (gradient 5-20% polyacrylamide) and tau proteins were 
•detected by immunoblotting according to standard procedtare using 
anti tau antibodies DC25 (Pig. 6). Te effect of individual frac- 
tions on microtubule assembly was tested. 

Isolation of tau type lA and IB: Fraction #19 (Figure 7) con- 
tains the tau molecules corresponding to the molecular mass of 
(12 kDa) representative of double tr\incated type lA and IB mo- 
lecules - this fraction showed the highest inhibitory capacity. 
This fraction was characterized by Western blot analysis using 
three anti tau antibodies: DC25 recognizes both, truncated and 
full length proteins, DC39 (specific for intact C-terminus) and 
Alz50 (specific for intact N-terminus) (Fig. 8). The immunore- 
activity of these antibodies demonstrated the lack of N- and C- 
terminally dotoble truncated type I proteins only in fractions 
from AD-brain. Corresponding fractions prepared by the same 
-method from normal healthy brain showed neither inhibitory 
activity nor specific immunoreactivity (Fig 9) . The concentra- 
tion of tau proteins was determined by sandwich RIA. The total 
protein concentration was determined using the Bradford assay. 
Preparation of tau were stored at -20°C until use. 

Isolation of tau type IIA: Fraction #15 (Figure 6) containing 
the tau molecules corresponding to the molecular mass of 30 l<Da 
is representative of double truncated type IIA molecules. Frac- 
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tion #15 showed the abnormally high microtxibule assembly promot- 
ing activity- This fraction was characterized by Western blot 
analysis using three anti tau antibodies: DC25 recognizes both 
truncated and full length proteins, DC39 (specific for intact C- 
terminus) -and Alz50 (specific for intact N-terminus) (Fig. 10)- 
The immunoreactivity of these antibodies demonstrated the pries- 
ence of N- and C-terminally double truncated type II proteins 
only in fractions derived from from AD-brain. The concentration 
of tau proteins was determined by sandwich RIA. Total protein 
concentration was determined using the Bradford assay. 

Cloning , expression and purification of recombinant tau type I 
and type II proteins : Genes for recombinant triincated tau pro- 
teins were derived from hximan cDNAs for isoforms tau43 and 
tau44. cDNA inserts were cloned in pETl7b (Novagen) vector using 
Ndel-EcoRI restriction sites. (Figure 11) (Studier et al., Meth, 
Enzym. 185 (1990), 60-89). 

Recombinant N- and C-terminally double truncated tau molecules 
(SEQ ID 1-24) were prepared by PGR amplification of the relevant 
regions from cDNA. Specific primers introducing translation ini- 
tiation start (ATG) , stop (TGA) codons and Ndel , EcoRI restric- 
tion sites were used. 

Plasmids carrying deletion of A4-A6 epitopes (SEQ ID 25-27) in 
the tau cDNA were generated by inverse PGR as shown in Figure 11 
(bottom panel) . 

Example 7: Inhibitory effect of AD-brain derived and recombinant 
tau type 7A on noxioal healthy tau in microtubule assembly as- 
says. 

AD-brain extracts as well as recombinant molecules of tau type 
lA are capable to inhibit microtubule assembly promotion when 
using natural healthy tau isoforms. For these experiments 
healthy human tau was isolated from brains of age matched con- 
trols and tau type lA was isolated from brains of AD patients 
(see Example 6, Figure 6, fraction #19). Recombinant tau type lA 
(SEQ ID NO: 1.) and type IB (SEQ ID NO: 4, negative control) were 
produced and purified as shown in Example 6. In these experi- 



wo 2004/007547 



- 57 - 



PCT/EP2003/007389 



ments, brain-derived healthy tau isoforms (0.1 mg/ml) , AD-brain 
derived or recombinant type lA tau or type IB (0.2 mg/ml) were 
mixed with tubulin. Each combination was assayed separately. The 
test mixtures were incubated Ihr at 37 in a water bath with 
gently shaking. To the mixture kept on ice was added GTP and/or 
normal tau (final concentration of tubulin is Img/ml and GTP 
ImM) all reagencies in polymerisation buffer (lOOmM PIPES/ pH 
6.9, ImM MgSOa, 2mM EGTA) . After gentle, and rapid mixing, the 
samples were pipetted into quartz microcuvettes and equilibrated 
at 37^0 in a thermostatically controlled spectrophotometer 
(Beckman Coulter DU640) . The turbidity changes were measured at 
340 nm in 10 s intervals for a period of 5 min. Data show that 
both AD brain derived as well as recombinant double truncated 
type lA molecules inhibit the capacity of normal tau to promote 
microtubule assembly (Figure 12, curve 2,3). In contrast, recom- 
binant type IB is not able to inhibit the tubulin polymerization 
promoting capacity of induced by normal human tau (Figure 12, 
curve 4). Curve 1 (Fig. 12) represents microtubule assembly pro- 
moted by normal tau. 

Example 8: Screening assay for drug candidates neutralizing 
pathological activity of tau type I A* 

Using the capacity of double truncated tau type lA molecules to 
inhibit activity of healthy normal tau to promote tubulin poly- 
merization, a screening assay was designed for selection of com- 
pounds capable of neutralizing the inhibitory activity of type 
lA molecules. Diseased tau type lA can be derived from AD-brains 
or recombinant sources, however it is expedient to use recombin- 
ant material. The neutralizing effect of drug candidate can be 
defined quantitatively by measuring residual capacity of normal 
healthy tau to promote microtubule assembly. The assay is per- 
formed in two steps: 

1. Screening for drug candidates neutralizing tau type I A, 
Prototype recombinant type lA molecules (SEQ. ID WO: 1) (final 
concentration 100 mg/ml) mixed separately with individual drug 
candidates (final concentration 50 mg/ml) were preincubated for 
lhr/37°C. Following incubation, tubulin, GTP and healthy tau 
were added to the mixture (the final concentration: tubulin- 1 
mg/ml, GTP- ImM, healthy tau -100 mg/ml) at +4^C. After rapid 
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mixing, the samples were loaded into quartz microcuvettes and 
equilibrated at 37°C in a thermostatically controlled spectro- 
photometer. The turbidity changes were measured at 340 nm. Drug 
candidates with capacity to neutralize type lA-activity were se- 
lected by measuring, residual microtubule assembly promoting po- 
tential of normal healthy tau (Fig. 13; a drug candidate was pre- 
incxibated with type lA molecule and efficiency of type lA neut- 
ralization was assayed in microtubule assembly. Bottom curve' 1 
and top curve 2 represent negative (no neutralization) and pos- 
itive (100%) neutralizing activity of tested drug candidate 
against diseased type lA molecules. Middle curves indicate vari- 
ous efficiencies of type lA-neutralization by three different 
drug candidates) . It is obvious that the threshold for selection 
of positive drugs is arbitrary and may vary from total neutral- 
ization of type lA to peurtial neutralization of thereof. 

2. Selection of drug candidates neutralizing type lA mo- 
lecules and discriminating them from normal healthy tau. Selec- 
ted candidates with neutralizing activity against tau type lA 
molecules were screened for reactivity with normal healthy tau 
to select molecules specific only for type lA. Separate mixtures 
of normal healthy tau (final concentration 100 mg/ml) with indi- 
vidual drug candidates (final concentration 50 mg/ml) were pre- 
incubated lhr/37°C. After inctabation tubulin and GTP were added 
to the mixtures (the final concentration: ttJDulin 1 mg/ml, GTP- 
IrriM) at +4°C. Following rapid mixing, the samples were loaded 
into quartz microcuvettes. Turbidity changes were measured at 
340 urn. Those drug candidates were selected which showed no in- 
terference with the MT polymerization promoting activity of 
healthy tau (Figure 14) . 

Exaseple 9 s Screening assay for drug candidates neutralizing 
pathological activity of tau type IIA. 

The present invention shows that tau type IIA molecules have \an- 
expectedly high potency to promote txibulin polymerization forms 
a basis for a screening assay for selection of compounds neut- 
ralizing said activity of type IIA proteins . The neutralization 
of type IIA can be quantified by measuring residual microtubule 
assembly activity of type IIA molecules. The assay is performed 
in two steps: 
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1. Screening for therapeutic drug candidates neutralizing 
tau type IIA- 

The separate mixtures of tau type IIA (SEQ ID NO: 12) (final con- 
centration lOOmg/ml) with single drug candidates ( final concen- 
tration 50 mg/ml) were preincubated for lhr/37^C* Following in- 
cubation tubulin and GTP were added to the mixtures (the final 
concentration: txxbulin 1 mg/ml, GTP- ImM) at +4^C. After rapid 
mixing, the samples were pipetted into quartz microcuvettes and 
equilibrated at 37 in a thermostatically controlled spectro- 
photometer. The turbidity changes were measured at 340 nm. Drug 
candidates which significantly decreased microtubule assembly 
rate were selected for second step of the assay (Figure 15; dirug 
candidate was preincixbated with type IIA molecule and efficiency 
of type IIA neutralization was assayed in microtubule assembly. 
Bottom curve 1 represents positive (100%) neutralizing activity 
of respective drug candidate and top curve 2 indicates no neut- 
xalization of diseased type IIA molecules. Middle curves indic- 
.ate different efficiency of various drug candidates in type IIA- 
neutralization) . 

2. Selection of drug candidates neutralizing type IIA mo- 
lecules and discriminating them from normal healthy tau. 
Separate mixtures of drug candidates (final concentration 50 
mg/ml) with noimal healthy tau (final concentration lOOmg/ml) 
were preinciibated for lhr/37°C. Then tubulin and GTP were added 
to the mixtures ( the final concentration: tubulin 1 mg/ml, GTP- 
IraM) at +4*^C. After rapid mixing, the samples were pipetted into 
quartz microcuvettes and equilibrated at 37 °C in a thermostatic- 
ally controlled spectrophotometer. The turbidity changes were 
measured at 340 nm. Drug candidates with no interference with 
healthy tau were selected (Figure 16; drug candidates selected 
in step 1 were preincubated with healthy tau and the effect on 
microtubule assembly was assayed. The bottom curve (1) repres- 
ents maximal inhibition of healthy tau and the top curve (2) in- 
dicates no inhibition of healthy tau. Middle curves show drug 
candidates with different inhibitory activity against healthy 
tau) . 

Example 10: Preparation of monoclonal antibodies neutralizing N- 
and C-terminally double tmncated type lA and type IIA mo- 
lecules • 
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Immunization protocol and fusion procedure: N- and C-tenninally 
double truncated tau type I proteins isolated from hiunan 
Alzheimer brains (Fraction #19, Example 6) were used as a immun- 
ogen. Balb/c mice were primed subcutaneous ly with said proteins 
(50 mg/ mouse) in complete Freund's adjuvant and boosted in- 
traperitoneally 3 times thereafter at 4-week intervals with the 
50 mg/mouse of the same proteins. Prefusion sera were collected 
and the level of specific antibodies against tau were tested by 
ELISA (Figure 17; the levels of specific antibodies in sera of 
mice immunized with AD derived tau were tested in ELISA on the 
same antigen. All five sera showed high anti-tau binding activ- 
ity to said tau protein. Figure 17 represents levels of specific 
antibodies in one of the imm\inized mice. As a control was used 
sertm from the mouse immunized with irrelevant protein) . Mouse 
spleen cells were fused with NS/0 myeloma cells, using a modi- 
fied procedure well known in the art (M. Kohler and C. Milstein, 
1975) . 

According to the results shown in Figure 18, monoclonal antibod- 
ies DC44, DC82 and DC136 recognize N- and C- terminally do\ible 
truncated type lA and type IIA molecules from Alzheimer brain. 
For these antibodies no reactivity was observed with tau isol- 
ate^ from normal hiiman brain prepeured by the same method 
(Fig. 18) By contrast, monoclonal antibody DC25 reacts in ELISA 
with the said proteins from pathological as well as from normal 
healthy brain (Figure 18) . This antibody does not discriminate 
between pathological form (AD -tau) of tau and normal human tau. 
After this primary screening, hybridomas were subcloned in soft 
agarose, a technique well-know to those skilled in the art, fi- 
nally resulting in homogenous hybridoma populations secreting 
antibodies with an identical idiotype. 

These cloned hybridomas clones were further checked for reactiv- 
ity to recombinant full length tau isoforms and double truncated 
tau type lA (SEQ ID NO: 1) and type IIA (SEQ ID NO: 12) mo- 
lecules, in ELISA identical to the screening assay. 

Example 11: Neutralization of the pathological activity of AD- . 
brain derived and recombinant N- and C-terminally truncated type 
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lA molecules using monoclonal antibodies* 

Selected monoclonal antibodies DC44, DC82 , DC136 and DC25 were 
further characterized for their ability to neutralize the activ- 
ity of native tau type lA isolated from Alzheimer brain (see Ex- 
ample 6). Said tau isolate (final concentration of 100 mg/ml) 
and tested antibodies (final concentration 50 mg/ml) were prein- 
cubated for lhr/37^C. After incxibation tubulin, normal human tau 
and GTP were added to fche mixture (the final concentration: tu- 
bulin 1 mg/ml, healthy human tau -ICQ mg/ml, GTP- ImM) at 
+4 ^C. After rapid mixing the samples were pipetted into quartz 
microcuvettes and equilibrated at 37 in a thermostatically 
controlled spectrophotometer. The turbidity changes were meas- 
ured at 340 nm. Monoclonal antibodies DC136, DC44 and DC82 were 
able to inhibit the pathological activity of said protein (Fig 
20; antibodies were preincubated with native tau type lA 
(fraction #19) and subsequently mixed with healthy hxoman tau, 
txibulin and GTP. The formation of microtubules was deteontiined 
spectrophotometrically after 5 min at 370C. The bars represent a 
mean value of three independent experiments. MAA-microtubule as- 
sembly assay with healthy human tau. MAIA-microtubule assembly 
inhibition assay with healthy human tau preincubated with tau 
type lA (without antibody)). In an analogous experiment, anti- 
bodies were tested with the recombinant prototype of tau type lA 
(SEQ ID NO: 1) , showing a similar patteim of neutralizing activ- 
ity (Figure 21) . Control antibody DC25 recognizes all forms of 
truncated and normal tau tested by ELISA and Western blotting 
however does not interfere with AD-brain derived type lA activ- 
ity in microtubule assembly assays. These results suggest that 
antibody DC25 reacts with the distinct region of tau comparing 
to the antibodies DC136, DC44 and DC82. In contrast, antibodies 
DC136, DC44 and DC82 bind epitope (s) involved in pathological of 
type lA molecules. 

The next selection step was aimed at antibodies capable to dis- 
criminate between healthy and type lA molecules. Mixtures of 
normal healthy tau (final concentration 100 mg/ml) and tested 
antibody (final concentration 50 mg/ml) were preincubated 
lhr/37°C. After incubation tubulin and GTP were added to the 
mixture (the final concentration: tubulin 1 mg/ml, GTP- ImM) at 
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+4<^C. Following rapid mixing, the samples were pipetted into 
quartz microcuvettes and equilibrated at 37^C in a. thermostatic- 
ally controlled spectrophotometer. The turbidity changes were 
measured at 340 nm. None of antibodies DC136, DC44, DC82 and 
DC25 was able to inhibit normal healthy tau in microtubule as- 
sembly (Fig. 22; antibodies neutralizing tau type lA were prein- 
cubated with healthy tau and subsequently mixed with tvibulin.and 
GTP. The formation of microtubules was determined spectrophoto- 
metrically after 5 min at 370C, The bars show the mean value of 
three independent experiments. MAA-microtubule assembly assay 
with healthy tau. As a negative control an antibody neutralizing 
healthy tau was used) . The present data demonstrated that anti- 
bodies DC136, DC44 , DC82 recognize specific epitope{s) involved' 
in interaction of truncated diseased forms of tau with healthy 
tau proteins. 

Exan^le 12: Neutralization of type IIA activity by monoclonal 
antibodies • 

Antibodies previously isolated for their tau type lA neutraliz- 
ing activity were tested for their neutralizing activity against 
recombinant tau type IIA (SEQ ID NO: 12) using the method de- 
scribed in Example 8B. All three neutralizing monoclonal anti- 
bodies DC44, DC82 and DC136 were able to reduce the pathological 
activity of N- and C- terminally double truncated tau type IIA 
molecules (Figure 23; antibodies were preincubated with recom- 
binant tau type IIA and then mixed with tubulin and GTP. The 
formation of microtubules was determined spectrophotometrically 
after 5 min at 37^0. The bars represent the mean value of three 
independent experiments. MAA-microtiobule assembly assay with tau 
type IIA (without antibody)). This suggests that the epitope (s) 
of said antibodies is shared at least by type I A SEQ ID N0:1 
and type II A SEQ ID NO: 12. For antibody DC25 no type IIA- inhib- 
itory activity was observed. 

Example 13: Immxinogenicity of recombinant N- and C-terminally 
doxible truncated tau type lA and IIA molecules • 

Immunization protocol: In a preferred embodiment of the inven- 
tion, said recombinant tau type lA and IIA proteins are used for 
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vaccination purposes or for raising antibodies which specific- 
ally neutralize the pathogenic activity of diseased tau type lA 
and IIA molecules . In the given example recombinant iSf- and C- 
terminally double truncated tau type type IIA (SEQ ID NO: 12) 
was used as an immunogen. Balb/c mice were primed subcutaneous ly 
with said proteins (50 mg/ mouse) in complete Freund 's adjuvant 
and boosted intraperitoneal ly 3 times thereafter at 4-week in- 
tervals with the 50 mg/mouse of the same proteins in incomplete 
Freund 's adjuvant. Immune sera were collected and the level of 
specific antibodies against respective recombinant antigens tau 
were determined by ELISA (Figure 24) . 

Example 14: Transgexxic animals. 

DNA extracted from tail tips: Genomic DNA was extracted by 
DNeasy tissue kit, Qiagen* 

Genoptyping (Figure 25): Specific amplification of transgenes 
encoding double truncated tau forms was performed on genomic DNA 
derived from the parental generation of transgenic animals and 
is shown in Figure 25A. Further analysis of genomic DNA of the 
Fl generation revealed that transgenes are heritable since they 
were also identified in the offspring of parental generation.' 
Transgenes encoding double truncated tau are therefore fixed in 
chromosomal DNA of the animals (Figure 25B - Genotyping of Fl 
generation) . The animals used in this example are of a specific 
genetic backgroiind characterized by spontaneous hypertension and 
other Alzheimer's disease associated risk factors, such as dys- 
lipidaemia or diabetes. This animal strain therefore represents 
a unique experimental Alzheimer model by combining the most fre- 
quently occurring Alzheimer's disease risk factors such as hy- 
pertension and diabetes • 

For transgene generation, standard techniques of molecular bio- 
logy were used as described in Sambrook et al . , Molecular Clon- 
ing A Laboratory Manual, CSH Laboratory, New York (2001) • cDNA 
encoding double truncated tau was introduced into an expression 
vector linked to a promoter directing an expression in ubiquit- 
ous or tissue specific manner. The gene fragment was introduced 
into one day embryos via pronuclear injection (non limited) • 
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Resulting offspring was genotyped using genomic DNA from the 
tail tip. 

Analysis of transgene eij^ression (Figure 26) : Expression of mRNA 
derived from the transgenes were assessed by RT-PCR analysis, 
applying generally known methods such as RT-PCR and agarose gel 
electrophoresis. 

Panel A of Fig. 25 shows geno typing of the parental generation of 
transgenic animals. Specific anrplification of double truncated 
sequence of DNA from genomic DNA in lanes 1, 2, 3 and 4 indic- 
ates the presence of a specific transgene in genomic DNA extrac- 
ted from tails of the progeny of foster mothers. These animals 
represent the parental generation of transgenic animals bearing 
double trxmcated type IIA tau molecules. In this exaii5)le, posit- 
ive (+C) and negative (-C) and two additional negative sait^jles 
(5, 6) are shown (M=size marker) . The arrow indicates the expec- 
ted PGR product size expected in transgene positive animals. 
Panel B of Fig. 25: Genotyping of animals from Fl generation. Ge- 
nomic DNA was extracted from tail tips and doiible truncated tau 
specific DNA sequence was identified and are shown in lanes 1. 
Lane 2 and 3 show negative controls. Identification of a tau 
specific DNA fragment in the Fl generation confirms the iiiherit- 
ability of these transgenes. 

Fig. 26: RNA was extracted frcan flash frozen tissue of transgen- 
ic animals and subjected to reverse transcription followed by 
specific amplification of the cDNA. An example shows transgene 
expressing animals in lanes number 1 and 2. Lanes 3-5 represent 
non-expressing controls while lane 5 shows a non-specific signal 
typically emerging in non- transgenic animal , when using this 
method. This exanple indicates the presence of doxable truncated 
tau specific mRNA expressed from the transgene in experimental 
animals . 

Example 15: A: Overexpression of type IIA molecules causes cell 
death in differentiated neuron-like cells. 

In neuroblastoma cell line SH-SY5Y, cell death caused by type 
IIA molecule was demonstrated using standardized in vitro dif- 
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ferentiation conditions known to the person skilled in the art. 
The effect was tested in stably transfected cells e:^ressing 
type IIA doxible trtmcated tau and compared with non- trans fee ted 
cells. Cell viability was quantified manually using a trypan 
blue exclusion assay in triplicates and statistical evaluation 
was performed using the One-way ANOVA test. Significant differ- 
ences in cell viability between cells over escpres sing type IIA 
double trtmcated tau and wild type cells were found after 6 day 
of in vitro differentiation (P<0.001) . The over-production of 
type IIA double truncated tau (0.5% of the total protein amount) 
caused a 3x-decreased viability rate of the cells (Figure 27; 
comparison of the cell viability of SY5Y cells transfected with 
double truncated tau type IIA (type IIA) and non- trans fee ted 
control neuron-like cells (mock) , respectively) . 

In analogy to the previously shown constructions a similar sys- 
tem has been established using constructs encoding for double 
trvmcated type I molecules. 

Type II double truncated tau molecules show increased binding 
affinity to the micro tubular system. 

Isolation of free tau fractions (FT) , microtubule associated 
fractions (MT) and nuclear fractions (NAT) from stably transfec- 
ted SH-SY5Y cells expressing type IIA double truncated tau and 
full length tau was performed. Quantification of tau association 
with microtubules showed an increased affinity of double trun- 
cated type IIA tau to microtubules (more than 50%) in comparison 
with the full-length form (Figure 28A; increased binding affin- 
ity of type IIA molecules to microtubules is demonstrated by us- 
ing cellular fractionation of stably transfected cells express- 
ing type IIA double truncated molecules and full-length tau- 
Isolation of free tau (FT) , microtvibule bound tau (MT) and nuc- 
leus associated tau (NAT) was performed as described) . The 
amount of tau was quantified according to standard cell biolo- 
gical fractionation methods used in the art followed by Western 
blot analysis . Calibration curves were calculated using recom- 
binant tau protein with defined amounts- 

B: Organic substance F123 [C34-590i4-23H32-44N6-8]n is analysed with re- 
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spect to its inhibitory effect in a microtubule polymerisation 
assay: 

tl) Incubation of F123 with tau <normal tau and tau type lA' ; 
cone = 100 ug/ml; tau type IIA cone = 60 ug/ml) for 1 h at 
37°C 

(2) addition of tubulin (cone = 1 mg/ml) 

(3) measurement of 340 nm/5 min (remark: all dilution with PIPES 
buffer 

« 

C: Normal healthy tau and Alzheimer tau type II are analysed 
with respect to their microtubule assembly promotion capacity • 
Normal tau in this example represented by tau 43 forms typical 
microtiabules shown in electron microscopy (see Fig.28C) . 
However, Alzheimer tau type II produces pathological microtu- 
bules with typical pattern (see Fig.28C) . 

Example 16: Functional consequences of N- and C-terminally 
double truncated tau type ZI overexpression in eukeuryotic cells. 

The pathological phenotype showing altered transport of mito- 
chondria caused by overexpression of a type IIA molecules was 
performed in the neuroblastoma cell line SH-SY5Y. The influence 
of the N- and C-terminally doToble truncated tau type II mo- 
lecules was examined by comparing mitochondrial redistribution 
in living wild type SH-SY5Y cells with transfected cells. Cell 
biological transport assays known to the person skilled in the 
art were used. In brief, cells were cultivated on LabTekll cham- 
bers (Nunc) with equal density (70% confluent) according to 
standard laboratory techniques and trans feet ion was performed 
using Fugene 6 (Roche) according to the instructions of the man- 
ufacturer. Staining of mitochondria (MitoFluor Red 594, Molecu- 
lar Probes) was performed following the instructions of the man- 
ufacturer. Living cells were examined with an Axiovert 200M 
fluorescence microscope (ZEISS) equipped with an 63x oil-immer- 
sion objective and fluorescence filters. Pictures were taken 
with a CCD camera (Photometries, Cool snap HQ; Hamamatsu) in 
combination with the software program MetaMorph (Universal Ima- 
ging) • 

Using the mitochondria-specific dye MitoFluor (Molecular 
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Probes) , mitochondrial localization was compared in induced and 
non- induced SH-SY5Y cells. The staining confirmed the negative 
effect of type IIA double truncated tau molecules on mitochon- 
drial transport in SH-SY5Y cells resulting in perinuclear mito- 
chondrial clustering near the centrosome indicative of a func- 
tional dominance of the minus end directed intracellular forces 
{Figure 30) • 

As a control, logarithmically growing cells (Figure 29) reveal a 
regular distribution of mitochondria in the cell body as well as 
in the cell periphery. In conclusion, the N- and C-terminally 
double truncated type IIA proteins are therefore able to influ- 
ence intracellular transport mechanism which affect mitochondri- 
al redistribution. The present experimental setting shows a 
suitable method for testing inhibitory activities directed 
against type IIA molecules. 
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